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CHAPTER I. 

Classificatioii of Roads. 

Qattificatioo of Roods— Rood Stondoidt. 

* Classification of JRoajds. 

1. Military roads in India are classified under the following 
general heads ; — 

Roads inside cantonments, 

Roads outside cantonments, 

and are designated Imperial Military Communications. 

2. Military roads inside cantonments comprise roads inside 
barrack, etc., areas, and approach roads from main roads or rail- cautonmenta. 
way stations primarily or e.xclusively serving such areas. They 

also include portions of Military Trunk Roads within canton- 
ment limits (see below), 

3. Roads generally, e-vcept within or approaching Military Civil Eoad*. 
areas, are Civil Communications, constructed and maintained 

from P. W. D, or other civil funds. 

Subsidiary roads in cantonment areas not classified as Military 
are, as a rule, constructed and maintained from cautomnent funds. 

4. Military roads outside cantonments are roads classified 

as such for strategic or special administrative reasons. They <j.intonment8. 
comprise princi^ially Military Frontier roads and roads leading 
to exclusively or primarily military stations or military defences, 
arsenals and factories, etc. 

3, For military and administrative reasons, selected lm])erial 
Civil communications may be classified by the Goveinment of 
India as roads of Military Importance. 8uch roads will be main- 
tained by the Military Engineer Services (or when so cIavsifio<} at 
the time of construction, will be constructed by the Military 
Engineer Services). The expenditure necessary on their upkeep 
or improvement (or construction) will be met from Civil funds 
transferred to the Military Engineer Budget for thepur}> 08 e, to the 
extent required for their maintenance or improvement (or con- 
struction) to the standard required for Civil purposes. In the 
event ot standard, required lor Military purposes being higher 
than that necessary for Civil purposes, i^l expenditure over and 
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Above tiiAt neoessAiy for tbe Civil standard will be fiaabeed fro"’' 
funds. ; 

Beads^tf HUiiary Importanee comprise principally ctsHinn Civil 
IVontier roads. 

Road Stakdabds. 

6. Hoads are divided into two main dasses : — 

Metalled Boads, 

IJnmetalled Roads, 

Military roads in India (subject to variations inside cantonments) 
are normally classified > 


Metalled or 
Unmetalled. 

Class. 

Standand for 
traffic. • 

Short description. 

M 

I 

Suitable for "con- 
tinuous** M. T. 
traffic. 

24 ' roadway, metalled 16' wide^ 
fully bndged (i.e., bridged 
except where traffic would 
not be impeded by the use 
of causeways). 

M 

^ 1 

i 

Suitable for "inter- 
mittent** M. T. 
traffic. 

20' roadway, metalled 12' wide, 
partially bridged (t\e., bridged 
across peieni^ streams, and 

1 where traffic would be impeded 
across causeways for more 
than 24 hours ; oausewaya 
otherwise provided in lieu 
of bridges wherever practicable 

1 and cheaper). 

M 

III 

Suitable for "occa- 
sional” M. T. 
traffic. 

18' roadway, metalled 9' wide, 
unbridged except across per- 
ennial streams* (causeways pro- 
vided elsewhere in lieu of 
bridges, wherever practicable 
and cheaper). 

U 

IV 

Suitable for carts, 
and in certain 
oases for "occa- 
sional” light M. T. 
traffic, principally 
in diy weather 
only. 

12' roadway, unmetalled, and 
generaUy unbridged. 


V 

Suitable for Camel 
traffic. 

10' roadway, unmetalled, and 
unbridged. 

8' roadway, unmetalled, and 
unbridged. 


VI 

Suitable for pack 
mule traffic. 


On account of the development of mechanical tramport, Claes. 
IV roads wfil now seldom be constructed for military purposes 
lowest standard of permanent road constructed for wheeled 
transport will usually be Class HI. 

Classes V and Y1 roads are practically exclusively hill roads. 

> 7 . In the above remarks permanent roads are rdeired to.. 
Tem]potary roads constructed by troops on active service »e not 
q^Mcally dealt unth thwein ; the standard of such roads will 
. vary local conditions and requirements, but theprin* 

o^bs of idjjl^ent, gradients, and drainage should be the same,. 
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CHAPTER E. 


General Specifications for metalled roads. 

9 

Introdoctoiy— Spe^cationr- Special Metbods of Road Sarfa* 
dug— Ro^ Sorvoy* 


Intboductorv. 

1. To sp^ificatioBs and dimensions, etc., here given are of 
primary application to militar}' lines of communication or roads 
• outside cantonments. They are, however, of equal application 
to roads inside cantonments, subject to local differences such as 
increases or variations in roadway width, or in metalling width, 
provision of foot paths and kerbs, complete bridging or provision 
of culverts in all classes, etc. 

2. A summary of normal leading dimensions, etc., is given in 
Appendix I. 

3. When constructing a new road, the land width, alignment, 
gradients, etc., will be such that the road can be converted from 
the lowest into any of the higher classes specified, if required. 

4. In constructing a road, the essential items to permit of 
traffic getting through as early as possible should usually be carried 
out in the first instance. These include adequate drainage. Metal- 
ling should be done when the roadway and drainage have been 
completed in individual miles or sections. 


Application 

of 

BpecificationB. 


Leading 

dimensiona* 

Convertibi* 

lity. 


Older of 
work in 
construction • 


Specifications. 

5. On irrigated or cultivated land, or flat plains : — LMnd indtl*. 

Normal — 60'. 

On barren hill sections. — The acquisition of a definite land 
width is generally impracticable or unnecessary. Sufficient 
ground should be taken op to allow for catchwater drains where 
necessary, and for stacking metal of! the roadway. 

Through villages or cemeteries, where the full width is imprac- 
ticable, the maximum practicable width should be taken up. 

6. The inner edges of borrow pits should be not less than 10' Bestow pita 
from the fdot of the slope of embankments. Along very high 
embankments the land width may, therefore, have to be increased. 

Barrow pits should not be continuous except., where used as road- 
side drains. Borrow pits are -strictly forbidden in eantonmsnts; 

ai^ earth required must be brought from outade. 
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Demwtoati(ni 

<olroad 

bbimdarifNi. 

Oradients. 


Radios of 
ooms. 


Blind oor> 
ners and 
^zags; 


7. By furlong stones on both sides. 

Between boundary stones by the edges of borrow pits or 
drainage ditches. 

8. Ruling.— 1 in 20. 

In long stretches of ruling gradients, flats 100' to 200' long 
should be given every half mile approxim^ktely. 

Maximum.—l in 13, over distances not exceedii^ 300'. On 
curves of 100' radius or less the gradient should not exceed 1 in 20. 

The gradient of the centre line throughout a sharp curve 
should be nil or very slight. 

The rise per mile should not exceed 240'. 

9. Centre line of roadway. 

Normal minimum. — 60'. 

Minimum at zig zags in hill portions.— 35'. 

For methods of setting out curves, see Plate II. 

10. As far as possible, blind corners must be mitigated by 
cutting back the inner side to 4' above road level, to secure visi- 
bility. 


Super-eleva- 
tion on 
•ourves. 


Width of 
mdway. 


They should also be indicated by the standard road sign, placed 
on either side. 

A low circular dry stone wail should be provided within the 
inner drain, to keep vehicles from short circuiting the curve. 

(See also Gradients, Super-elevation, Road Signs). 

11. All except very slight curves should be suitably cross- 
banked. The pitch of the banking should vary inversely with the 
radius of the curve, to a maximum of 1 in 7 for a curve of 35' 
radius. « 

The slope must be continuous across the full formation width 
and the cross-banking must be carried across culverts and small 
bridges located on shar]) curves, allowance being made for this 
in designing and building parapets and wheel guards in such cases. 

In construction, particularly where the road is to be used for 
trafiic before the formation has settled, the super-elevation should 
be exaggerated. 

12. Clear width at formation level, excluding side drains, and 
parapet walls 



Class 

I. j 

Class 

II. 

Class 

III. 

Kprmsl . 

24 ' 

20' 

18' 

Xu itr/iigkt through or «ide cuttings in hard 
‘ rock . . 

20' 

18' 

16' 

Oh f pill embankmonta e^^oeeding 2 ' in height, 
ih curved and blind through or 

dlde >ci:*ph«rply ourve'd approachej 

' ^ 7 ' 

24' 

22' 


. W 

18' 

12' 



SPikimOAnONS St>B METAUED d 

Lonji deep thtoogh cuttings or tunnels ue to be avoided 
paztixmtedy in ^le or alluvial soil. 

13. Up 'to 2' high.— 1 in 4, to penrnt of motors getting oS if 
necessaty. 

Over 2' high. — ^Natural slope of soil. 

14. Subgrade (t.e., the snr&ce on which the sding is laid). Snbgrada 

Hmght in hill sections. — Nil 

Height in plains sections.— Normal minimum 6*. 

It is essential to keep Ae subgrade dr 7 , to prevent settle- 
ment. In flats where the nde drains are apt to be full of water 
for long periods, and on bad ground generally including saturated 
or black cotton soil the sul^ade should be raised to 18* ot more 
above ground level. 

On bad boggy ground, or deep black cotton soil which cannot 
be removed, where an alignment over such ground is unavoidable, 
special foundation measures are necessary and in such cases stand- 
ard works on the subject should be consulted. 

In long very gentle slopes with good and frequent outfalls 
for the side drainage, the subgrade may remain at ground level. 

Whether the subgrade is, raised or not, it should always be 
dressed, depressions filled up, and rolled to the formation camber 
or cross-slope, before soling is laid ; embankments must be thorough- 
ly consolidated. 

15. Side drains should be provided on both sides of the roadway Reside 
excq>t in side cuttings in hill sections, where they are to be given <**““*• 
on the inner side. 

The minimum width of side drains is 2', minimum depth 15*. * 

In hill sections the side drain may be triangular in section, 
the bottom sloping off in continuation of the berm, at a slope of 
1 in 3, so that vehicles may not fall into the drain. 

In s^ formations in UU sections, where the drains are neces- 
sarily small, the side drains should be lined with dry stone where 
practicable. 

16. In hill sections catchwater drains should be provided, Cstohwater 
except on loose soil or shaly hill sides. They should be constructed ^hi*. 
alongside the roadway, at a distance above the roadway varying 

from 10' on steep slopes to 40' on gentle slopes, and should be 
connected at intervals to the cross drainage. 

Catchwater drains, except in very hard formations, should 
be lined with large stones or brushwood to prevent erosion. 

17. Cross drainage must be adequately provided for. 

In hill 8«tions scuppers (small ptived crossings) may be used***" 
instead of culverts, where practicable, for minor cross drainage. 

An average of 8 culverts or scuppers per mile will usually suffice 
for minor cross drainage in hill sections, but the requirements 
must be fully catered for in each case. 


Onter doMa 

ofembaaik- 

mmte. 
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BoUng. 


Bain water must be gi\en a elear flow both above and below 
«U cross drainage, in the direction in which it is desired to make 
it go. 

Diverging boulder bunds are often useful, above cross drains 
in hill sections, to direct the flow. 

Drainage on steep hill roads with zigzag turns in particular 
requires special study and attention, to ensure the drainage of 
the upper portions being directed to the cross drains, below. 

Drainage and flood protection for the roadway must be con- 
structed concurrently with the road foimation. 

(See also Culverts, Scuppers, and Metalled Dips.) 

18. Soling must always be provided, except where unneces- 
sary upon rock or hard conglomerate. 

The function of soling is to spread coucentrated loads over the 
subgrade. 

Width of soling ; — 

Nonnal -1 foot more than the metaUing. 

On high sandy banks or close to high bridge abutments, and 
in metalled dips. - Full width of clear roadway. 

On culverts and bridges metalled throughout, where soling 
is required. Width of metalling. 

Thickness of soling. Before consolidation. 

Normal : -Using quarried hard rock or large boulders. — 6". 

Using small boulders or softish material.' -9". 

On embankments and other soft subgrades, particularly 
where the subgrade cannot alsrays be k^t dry, and in 
metalled dips. 9' to 12"'. 

Soling sltould consist of the hardest suitable material x>rocur- 
«ble locally. I^arge stones, kankar, or overburnt brick bats arc 
suitable. If round boulder stones are used they should not be 
less than 5* in any dimension. * 

Soling mtist be hand-packed, and intei-stices filled with chips 
as the stones are laid. When quarried hard rock or large boulders 
are used, a layer not exceeding 3* of small shale, local stones, 
ehingle, or gravel, should be laid on the top. 

The soling (including the top layer in the case of hard rock or 
large boulders) should be rolled with a steam roller, d^ressions 
heing filled up as they ionn with shingle or gravel, sufficiently only 
to give a hard true surface, barrelled or sloped to the correct cam- 
ber or pitch. 

In oases where earth only is available locally for the surfacing, 
it may have to be used, but earth should not be used unless un- 
avoidable. In any case, dq>ressions must be filled up with broken 
metal or gravel, etc., never with earth. 

A road may be oi>ened to light traffic, including light M. T. 
•as a temporary measure, pending metalling, subject to the sub- 
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grade where soling is not required having been finished ojS as speci- 
fied, and to the soling being coveted with a 2* layer of gravel and 
re-rolled, before traffic passes. The metalling should be done as 
soon as possible. 

Where the soling is extended outside the metalling on high 
banks, etc., it should be similarly gravelled and rolled; the 
finidied surface in such cases must, of course, < onform to the slope, 
of the metalled surface and the unsoled portion of the bonus. 

19. Width of metalling : — McUJling. 



Class 1. 

(lawn. 

ClabB III. 

Norzoal . 

JO' 

12' 

9' 

On onnres of 100' radius or less having a Bub- 
tended angle of 4y or more 

20' 

10' 

12' 

On bridges and culverts • • • • 

Full width. 



Wherever practicable, a 1C' width of metalling should be pven 
through villages, in all classes. 

Thioltuess of metalling 



Gam 1. 

Clabs IL 

(law in. 

Layers before consolidation. • 

• 

• 

2 X 4r 

1 X o-' 

1 > 4J' 


The thickness of metal, after consolidation, should be 6” 
4' and 3" in Class I, II and III roads, respeetively. 

In cases where earth has unavoidably to be used for surfacing 
soling, the thickness of the metal must be increased, thus : — 



ClaRB T. 

(lass 11. 

(law ITT. 

Layers before consolidation • • • 

2i X 4r 

1X41' 

11x41' 



1 X S' 


Metalling must not be commenced until the soling (or dressed 
Bubgrade where soling is not given) has been properly finished and 
passed by competent authority. 

Koad metal should be comprised of hard, tough, and durable 
broken stone. Soft stone, such as sand stone, unless thoroughly 
indurated by the action of heat, must not be used for metalling, 
and flint 8h.ould not be used as it is difficult to consolidate. The 
best all round stone procurable for this purpose is usually quarried 
limestone. Where boulder stone has to be used, the boulders 
must not be less than 5 inches in diameter, and must be well bro- 
ken to eliminate round surfaces as much as possible. 
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Thd gauge of the matal ballast shoold iionna% be from 1|* 
to 2*, aeoocding to the hardness of the stone, and the weight of 
the steam rollers available, the smaller gauge being wio^ted for 
the hardest stone, and partieularly for boulder metal 

All layers of metal should be laid and consdidated separately. 

Consdidation comprises : — 

(i) Spreading and rolling dry. 

(ii) Watering and rolling wet. 

(iii) Surfacing and rolling wet. 

Where two coats are to be given, the third process should be 
onutted in the case of the first coat (unless the road has to be 
opened for trafiBo bdore the second coat is provided). 

The metal should first be dry roUed until set. The amount of 
dry rdling necessarily varies mth the quality and thickness of the 
metal but as a genwal rule two thorough rollings with a 12oton- 
steam roller will suffice. It should then'be flooded, and thoroughly 
rolled until hard and compact so. that a light cart makes no impres- 
sion. The metal must be freely flooded during ccmsoUdation. The 
screenings from the metal supplemented as necessary by gravel, 
fine shale, or sand, should then be spread on the surface, watered, 
and thoroughly rolled in. The surfacing should not exceed I* in 
thickness before rolling. 

Finally a top dressing thick of river sand or fine gravel should 
be spread on the surface, and the road shoidd be opened to traffic 
at once if possible ; it should be kept watered under traffic for 
about a fortnight, and the surface liffiould be specially inspected 
daily and breaks repaired with water, bajri, and rammers during 
this period. 

Sometimes the only hard stone available, at reasonable cost 
(e.p., batalt or flinty boulder metal) cannot be consolidated with- 
out the use of a binder of the best small material locally available. 
Such cases Require special study and orders, as the resulting road- 
way is not true macadam, but a kind of gravel or mud concrete. 
Apart from such special cases no binding material whatever may 
be used daring the first two processes of consolidation. 

As a temporary measure, where water is procurable with diffi- 
cidty, and it is desired to open the road to traffic emergently, dry 
consolidation may be adopted ; in this case the surface, after 
consolidation, must bo covered with 2 inches of gravdi, bajri, 
or fine shale, rolled in. In suoh cases the metalling must be re- 
conpolidated with ample water as soon as possible. 

For furthm; details regarding metalling, see Chapter X. 

20. Soling stones and metal ballast should not be collect^ a 
in^UiWig md k^time Wcub they are required, as th^ become dispersed axni 
mixjed will dnst and earth. , 
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Except ^here absolutely impracticable, they dioi^d be stacked 
oft the xoadWay. . 

Soling stones must not be placed on the roadway until the sub* 
grade has been properly excavated or ^led, and graded. 

Particularly in hill sections, metalling must not be placed on 
the roadway until the soling has been laid. 

Metal stiA;king places for repair metal must be provided in 
hill sections, 'where level ground alongside the road is not available. 

These may be at intervals of 2 furlongs, as practicable. 

21. (Crown slopes). See Plate 11. Camber of 

Normal, t.e., in straights: — 1 in 40. road surface. 

On curves : — ^No camber, super-elevation cross slope to be" 

given. * 

In construction, particularly where the road is to be used for 
traffic before the formation ^s settled, the camber should be 
exaggerated. 

22. Width of berms:— Clear width of roadway on either side Berms, 
outside metalling, excluding space taken up by road parapets - 
and side drains : — 



Class 1. 

Class 11. 

Class 111. 

Normal . 

4' 

4' 


Range, according to widths of metaJling and 

2'-6i' 



of clear roadway. 

2'— 6' 



The overall widths of berms, including the q)ace occupied 
by parapet walling on embankments, and by the roadside drains 
in hill sections, will be wider than the above figures by 2' to 3'. 

Slope of berms : — 

Normal, in straights :— 1 in 40. 

On curves : — No camber, super-elevation cross slope to be 
given. 

Berms should be graded off in continuation of the camber of 
the metalling (on bahked curves to the cross slope). (See Plate 11). 

In soft soil the berms should be consolidated and dressed to 
correct slopes before soling is laid, as otherwise they act as sponges 
and prevent the subgrade from drying. 

When made up after metalling has been completed, th<y should 
be rdled to eorrect slopes, in continuation of themetaQed surface. 
A layer of gravel (shale, shingle, or rough stones), should be rolled 
in on the clear roadway portion of earths berms. This is parti- 
cularly necessary on slopes, in through cuttings, and on banked 
curves, and in other eases shduld sot be omitted Unless surfacing 
material is not procurable at site. " 
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* Fcnr fuii;h«r' details see Chapter X. 

.Oahnv^. 23. 'Calvetts (totid length between abutments not aaceeeding; 

, . , 12 ^), > ' 

' Width:--The clear width between wheel guards should equal 
the' clear width of the roadway, i.e . : — 


» ! 

aassL 

Class n. 

CUmIIL 

Ncnnal 

24' 

20' 

18' 

Minimum 

20' 

18' 

16" 

]Ma.ximum. •••«.• 

27' 

24' 

22' 


Culverts in hill sections up to 4 feet span can frequently be 
economically and efficiently built of dry stone. The cover or* 
decking is made of stone slabs, or reinforced concrete, or the sides 
are corbelled out and slabbed over. At least 12* of filling (earth, 
soling, and metalling, see also Chapter VI) should be placed over 
the slabs. 

Tube culverts provide an economical and quickly constructed 
form of small culvert, where such is suitable. The tubes may be 
made of ordinary corrugated iron, not thiimer than 18 S.W.6., 
and of 2' or 2\' ^ameter, surrounded by 1 to 2 feet of good lime 
concrete, lime concrete filfing being provided between tubes in 
series, or they may be made of reinforced concrete, or of specially 
manufactured rust resisting corrugated iron tubes (such as 
“ Armco ”), which do not require a lime concrete surround. 

Tube culverts should extend across the full formation width. 
Each end must as a rule be completely protected by masonry so 
that the water does not form a false channel outside the tube. 

Culverts must always be constructed in one span, except in 
special cases where the use of a series of tubes is suitable. 

The miTiiTn n m clear span for a culvert is 2', and this is only 
permisfflble when the drainage is ofi rock and free from heavy silt 
or large boulders. Culverts should be too large rather than too 
so&all. 

Where the outfall is not on to rock, special precautions must 
be taken to prevent erosion of the foundations of the drop or re- 
taining wall. 

. . >The bottoms of culverts in hill sections must be given the steep- 
ed possible slope, not less than 1 in 12, and may have to be floored 
to prevent erosion or percolation. 

' Culvertis in hill sections must be well sunk, to avoid humps in 
the .roisdl eind must be provided with adequate catbhpits, the 
bottmns of wISch diould be a foot o» more below the floors at sills 
of the enltsicts, , . , 
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All culverts should be soled (where soling is. necessary), and 
metalled, full width between wheel guards. 

On flat (^ound, the slopes of approaches to culverts should noir 
exceed I in 25, and a length of 20' over each culvert should be 
flat, the tups and bottoms of slopes being rounded off, to avoid 
fatunps in the road. 

For details of culverts, see Chapters V, VI and Ml. 

24. StMipj^ers. (Paved dips not exceeding 20' in span.) 

Width : — ^Formation width. 

Scuppers should be freely used, where practicabU, in class 
Ilf roads. They should not be used as a rule in class I loads. 

Scuppers should have a uoiuial cross slope of J in 12 in hill 
sections to 1 in 30 on the flat ^nd should be located orr re entrant 
curves in hill sectiorrs, never on salient curves. 

They must cross the road at right angles and must bo carefully 
graded in cross section to avoid sharj) dips in the i oad, their edges 
being rounded off. 

They ai^ often preferable to culverts in hill sections, in solt 
shaly formations, and also where large boulders are likely to come 
down, and small culverts Would readily become blocked. 

Thev are unsuitable for use on steep gradients. 

Where the outfall is not on to rock, special precautions must 
be taken to prevent erosion of the fonndarions ol the drop or re- 
taining wall. 

For details of Scuppers, see Chapter VIJI. 

23. Width 






CJash J. 

1 Cla^sfl. 

CIOSH 111. 

Clear width ol roadway 

• 

• 

• 

•• 

20' 

18' 


Supplementary cross draiiragc in very flat country is often pro- 
vided fur satisfactorily in second and third class roads by dropping 
the formation down to ground level over wide gaps, the width 
being made sufficient to jirevent appreciable afl^ux occurring, with 
consequent dangerous velocity. In such cases the full width of 
formation must be soled 9* to 12' thick, and occasionally it may 
be necessary to build a continuous drop wall at the downstream 
aide of the soling. The approach slopes must not exceed I in 14, 
and their top and bottrm ends must be rounded off. The admix- 
ture of a little cement with the metalling gives a finished road 
surface proof ^inst minor erosion. 

26. (Minor bridges:-- Total length between abutments not 
exceeding 100'. 


Scuppers 


Metalled 

Dips. 


Ilridges, 
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Major bridges : — Total length between abutments exceed- 
ing 100'.) 

Width 



(nasB 1. 

Clash 11. 

Class IIL 

Clear ^idth between whQel gnardii 

18' 

18' 

10' 


Special orders regarding bridging are issued in the case of each 
road. 


As a ^eral rule, bridges must always be provided across 
perennial streams, except in minor instances. 

In class I roads causeways may be substituted for bridges where 
trafiSc across them would not be liable to interruption. 

In class II and 111 roads bridges may be freely replaced by cause- 
ways, under the limitations laid down for causeways. 

On class 111 roads the piers and abutments of bridges should 
be built as for 18' bridges, permitting of widening. Arched bridges 
should usually be bmlt to 18' width, in all classes. 

In the case of small bridges hxiated on sharp curves the clear 
roadway width should be widene<1 4'. 

All bridges should be soled (where soling is necessary), and 
metalled, full width between wheel guards. 

Approaches to bridge on the fiat should not be steeper than 
1 in 25. 

Bridges should be designed to span streams with a minimum 
of restriction. 

Sharply turned approaches to bridges should be widened and 
cross banked, in accordance with the rules for shar]) curves. 

For details of bridges, see Chapters V, W and I’ll. 

27. All bridges and culverts should be designed to carry a 12- 
ton steam roller, with 25 per cent, impact. 

Bridges so dengned will safelv take any train of loads in which 
no axle load exceeds 8 tons and no distributed or caterpillar axle 
load exceeds 12 tons. 

They will also take any train of loads in which no axle load 
exceeds 12 tons and no distributed or caterpillar load exceeds 18 
tons, with precautions (minimum intervals, speed not to exceed 
4 miles per hour, load on centre of road, and no other load along- 
side). 

Thus th^ will safely take a double line of 3-ton loaded lorries, 
i5<toa caterpillar tractors at not less than 30' intervals, all match- 
ing formations of cavalry, infantry, fidid artillery, and animal 
transport, and crowds of pedestrians and animals. 

They wUl also take heavier v^cles with precautions, including 
16-ton wheel tutors and 18-ton whippet tanks at 26' intervals. 
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For further details and calculations, see Chapter Y. 

28. W idth Causeways. 

Class I. ClafNi II, CIsKh III. 

Overall IH' 18' 12' 

mmnm: I m ■ I,.— 

Causeway^ should be used instead of bridges in class II and III 
roads where practicable and cheaper than bridges, and where 
trafGic across them would not be impeded for more than 24 hours 
and at infrequent intervals. They should only be given in place 
of bridges in class I roads where traffic across them would not be 
liable to interruption by floodtT. Causeways are unsuitable where 
the maximum depth of scour exceeds 6 feet, and in any case should 
not be provided if their cost with apj^roaches is more than §rd8 
of the cost of a bridge with approaches. 

The end slopes should be normally 1 in 14, to a height of 
above high flood level. The top and bottom of the slopes must 
be rounded off. 

The causeway surface should slope down-stream at the same 
slope as the nala bed, subject to a maxinium of 1 in 30. The length 
of a causeway should be such as to span the width of the stream 
at high flood level. 

In the case ol wide nalas, in which two or more streams flow, 
these should, where practicable, be trained through one cause- 
way of length equal to the aggregate width of all the stresses at 
high flood level. Causeways should be at right angles to the cur- 
rent, and should not restrict the stream. 

Sharply turned approaches to causeways should be avoided ; 
where unavoidable they must be widened and cross-banked in 
accordance with the rules for sharp-curves. 

For details of causeways, see Chapter VIII. 

29« Width ; Overflow 

Bridges. 


Overflow bridges may be used, if cheaper than ordinary bridges, 
instead of, or in conjunction with, causeways, subject to the limita- 
tions laid down for the use of causeways. They are unsuitable for 
torrential nala crossings in the hills, and where heavy silting occurs. 

For details of overflow bridges, see Chapter VI. 



30. Height. Above road surface, normal 
la roadside parapet walling ...... 2' 

Onoolverts • . . U' 

On bridges . • 2f' 


ParajM^iB 
and Hand 
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Head room 
In Tunne s 
and Over- 
bridge'), 

Retainimi: 
and Breas 
Walla. 


Training 

World. 


Paiapet wallR should be provided on both edges of all banks 
over 10' high. 

Th<^ are usually made 2' thick, of rough dry stone, in lengths 
of C'‘20', with 1'-2' gaps, or large rocks may be used. 

The height of parapets or hand rails of long high bridges may 
be increased to 3'. 

The parapets or hand rails of bridges and culverts must be 
protected by wheel guards or kerbs, and fenders. .' 

Wheel guards should be 6* wide, by 9' high above the road 
surface. 

Venders, consisting of stout posts or rails well embedded in 
the ground, oi large roeks, should be provided at both ends of 
parapets or hand rails, to a height of 2' above the road surface. 

In trans-frontier districts nuisonry or reinforced concrete para- 
pet walls or hand rails should be given on bridges and culverts, in 
preference to iron hand rails, which are liable to destruction and 
removal by tribesmen. 

For details of bridge and culvert hand rails and parapet Walls, 
see Chapter VI. 

31. Over centre 8' of roadway '—IS'. 

Over sides of roadway : 8' (minimum). 

32. Ketaining walls, except where impinged upon by floods 
and generally where a high d^ree of strength is necessary, will 
usually be constructed of dry stone masonry. 

In high dry stone walls a band of stone in lime should be given 
at intervals varying with the quality of the stone. A normal 
method is to give a 12* band, every 6', in walls over 10' high. 

The top thickness is usually 2', the front batter 4 over 1, and 
the back face should be vertical. In breast walls the front slope 
should not exceed 2 over 1. All courses should be normal to the 
front batter, as also the foundations, which should be laid in 
lime concrete where the soil is unfavourable. 

It is generally advisable to bed each course in very fine shale 
or earth, to spread the load and increase the frictional resistance 
between courses, particularly w'herc shale slabs are used. 

Pucca rt>taimng walls will of course be given concrete founda- 
tions. 

Incoriectly designed and constructed retaining walls are a 
great source of weakness in a hill road, and special care must be 
taken that specifications and designs for them are efficient and 
complete. 

Details of retaining walls are given in Chapter lY. 

33. The main principle in regard to training works is that they 
should lead or guide the water, in contradistinction to fording it. 

Projecting ^urs are as a rule unsuitable for torrential hill 



SPECIFICATIOKS POB METALLED SOADS. 


15 


streAms, exoq>t as guide bunds. Guide bunds designed to protect 
crosdngs (bribes or causeways) should be sited well upstream of 
the crossings. 

Where restriction is unavoidable at a crossing, or where a 
causeway or bridge spans a portion of a nala between high banhs at 
a site where it would be manifestly extravagant to span the entire 
width between high banks, any necessaiy protection should be- 
designed with the specific object of guiding the water straight 
through the crossing. Particularly in the case of major bridges, 
this protection is best given by providing a bund at either or both 
abutments, running upstream of the site, and at right angles to 
the bridge, to n distance upstream e(|ual to t he length of the bridge. 

Excq)t in the case of a silting river, it is frequently advisablcr 
particularly in dealing with torrential hill streams, gradually to 
curve oti the bund above this point, at an angle of 120° to 140°, 
to the pucca high bank, into which it should he firmly built. 

Where necessary, the abutment guide bunds described above 
should be carried a short distance down-stream of the abutments, 
and curved off at the end. 

All projecting bunds must be firmly built into the pucca bank 
at the point where they take off from it. Exposed terminal ends 
of all bunds should he curved round, and their foundations should 
be particularly well protected against scour. 

Eor further details r^arding training works, see Chapter VTII. 

34. Care must be taken to construct foundations of bridges. Scour and 
causeways, and culverts of adequate depth to avoid destruction 

by scour. 

A useful rough rule, applicable to torrentia 1 nala beds of boulders 
and shingle, is that the depth of scour in straight runs, where no 
restrictions to waterway are caused by the structure, is equal to 
half the maximum depth of water at high flood level, and on curves 
it is equal to the maximum high flood dei^th. Foundations should 
be not less than twice the depth of scour in the case of culverts and 
causeways, increased to three times in the case of bridges. Each 
case must of course be considered on its merits, with due regard 
1o the formation of the nala bed as well as other considerations of 
catchment area, slope, velocity, etc. 

For details, see Chapter V. 

35. Sidings (halting or passing places) will ordinarily be pro' gxliiigt andi 
vided at watering places, at the top of all long inclines, and at 

each end of bridges which are not wide enough for double wheried 
traffic. They should be capable of taking three lorries, and should 
be located, if possible, alongside level stretohes of road. 

Normal dimensions :-^6' in length by 16' maximum width, 
the outside edge away from the road to be on the arc of a circle 
of 89' radius. 
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Sidings should b« soled and metalled throughout, in contiRua* 
tion of the roadway metalling. 

They should be provided with an outer perimeter drain connect- 
ed to the roadside drain, excejit where unnecessary in the case of 
ndings sited on the outer sides of half cuttings, or of embankments. 

Metalled lurking places of suitable sizes should be provided 
if specially ordered, at termini and stages. . 

36. Boning rods should be used in preparing the oubgrade to 
get even slopes between points where the gradient changes. 

In hilly country the centre line should be pegged out by an 
e.rperienced officer and all considerable curves should be accurately 
aligned with the aid of a theodolite, when they cannot be struck 
from a centre. Subsequently the edges of the soling and metalling 
must be demarcated with st lings from the centre line. 

Accurately constructed wooden gauges with plummets must 
be used to get the proper slopes tor camber, slopes for berms, cross 
banking, batter ot waQs, etc. 

Mile sad 37 The standard type of milestone is triangular in section 

with a sloped triangular top. The distances to important places 
in either direction are given on the two corresponding main faces, 
together with the months in which the adjacent miles were last 
remetalled. On the top lace are recorded the record mileage 
(i.e., measured from the start of the road), and the altitude. 

In tranvfrontier districts, to avoid temptation to destruction 
of regular milestones by tribesmen, the mileage and furlongage 
is frequently painted on large rocks. 

Furlong stones should be provided on both sides of the road 
to mark the road boundaries on cultivatable land. 

For design of mile and furlong stones, see Chapter IX. 

Direotion and Direction and warning road signs are grouped under the 
Warning following heads : — 

Koad Direction Posts, 

Warning Signs and Notices, 

Village and place mime signs. 

Road name signs. 

Signs, of the standard patterns, should be provided, as 
necessary. 

In the case of roads outside cantonments in trans-hrontier 
districts regular sign posts may be liable to destruction by tribes- 
men. In such cases road signs should be provided to the extent 
piaoticalle ; thus warning signs, conforming to the standard 
devices and colours, may be painted on large rocks. 

For designs of road signs, and standard symbols, see Chapter IX. 

39. Roadside trees will be provided, if specialfy ordered, in 
tteta plains sections.'* They should be planted outside the road forma- 
tion, but inside draixuige ditches and borrow pits, except in the case* 
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of high embankmentfl, where they may have to be outside them, 
if provided. The normal minimum distance of the lines of trees 
from the cdntre of the roadway is 20.' 

Special methods of koad suBFAOiHa. 

40. The use of oil and tar spraying, tar macadam, of cement Speciil 
• concrete, for road surfacing, is not bore specified, as owing to 

climatic conditions, the difficulty of obtaining materials oi facing, 
adequate or suitable quab'ry, and expense, these metliods are 
not at present practicable on Military roads in India, as a general 
measure. Tat macadam or spraying, and oiling, are however 
desirable in cantonments and in M T yards, to im]>rove the 
wealing capacity and to minimize dust, and the use of these 
m«^hods should be developed as they are perfected by experience 
for Indian climatic conditions. A reference to th(>&e methods is 
iMde in Chapter X. 

^ No measure of special surfacing will, of couise, entirely remove 
the dust or mud nuisance on roads on whn h^the jirovision of full 
width metalling oi other snifacing cannot be afforded. 

ItOAI) SrKVKV. 

41. Practical notes, on traversing and levelling are given in Road Survey. 
Volume I, Chajiter X. 

Particulars of the maps, road plans, and cross sections required, 
are given in Chajitei XI of this I'olume (Estimating). 

Methods of setting out curves are given on Plate II. 

Instiuctions regarding levelling and gauges are given in para. 

36 of this Chapter. 
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CHAPTER m. 

General specifications for unmetalled Roads. 

Introductory— Unmetalled Cart Roads— Pack Tran^ort Roads. 

iNTKOIWCrOEy. 

1. The apmiipations and dimonaions, etc., here given are of 
primary appliration to military loads outside cantonments. 

They are, however, of etpial application in principle to roads 
inside cantonments, in casch in which nnmetalled roads are 
required. 

2. A summary of noriital leading dimensions, etc., is given in 
Appendix III. 


IInmetatae i> cart roads. 

Su The specification for an unmctallcd call road (Class IV). 
should follow that for a iiiotalled road, subject to the omission of 
soling and metalling, and other variations indicated. The align- 
ment should usually be such that the road can bo improved to a 
metalled standard it required. 

4. In unmetalled carl roads (Class IV), super-elevation is no* 
necessary on curves. 

5. In localities where shale or good giavel is found the suifacc 
should be dressed and rammed or lightly rolled to the required 
formation, and the tralKc will work in the material and produce 
a hard surface. 

In softer ground a 2* layer, 9' to 18' wide of broken stone or 
brick ballast, covered with 1" of clay, and lightly rolled in, over 6' 
to 12* of loose stones, may be given where practicable and desirable. 

On hard rocky ground, the suriace should be dressed to camber, 
etc., depressions being fdled in and rammed. 

6. lifeuppers and causeways will as a rule be freely used, where 
practicable, instead of culverts and bridges, in Class IV roads. 

7. These are not provided on Class IV roads, except where spe- 
cially required in hill sections. 

8. Koad signs, except mile and luilong stones, direction posts, 
and village signs, arc not usually provided in Glass IV roads 
except at very dangerous places. 


BoadSigM. 
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Pack transport roads. 

9. Camel and mule roads (Classes V and Yl) belong to a diSerent Pack Trans* 
cat^ory, and are not aligned so that they can be subsequently B'osds. 
converted into a wheeled traffic road, unless specially ordered. 

They are primarily hill roads. 

10. The ruling dimensions of these roads are given in the sum- Ruling 

maiy of leading dimensions for unmetalled roads (Plate II). dimensions. 

The general instructions in the specifications for metalled roads 
are of applieation to Class I V and V roads in the following cases : — 

Land widtli, drainage, retaining and breast walls, training 
works, levelling and gauges, and biidges and culverts as 
applicable. 

11. The road surface must be dressed to camber or cross slope Road 

and rammed if necessary. • Surface. 

12. The maximum gradients of 1 in 8 and 1 in 6 for Class Qradienta. 

V and VI roads are permissible in lengths not exceeding 400 and 

300 feet, respectively, and the rise per mile must not exceed 500 
and 750 feet, respectively. In Class V roads, on curves of radius 
less than 20 le^and in Class VI roads, on curves of radius less 
than 10 feet, ^ ^lent should be nil or very slight. 

13. The surface drainage on gradients should be intercepted Drainage, 
by shallow rough dry stone cross drains. These cross drains should 

be provided at intervals of 50' to 150' according to the steepness 
of the gradient : the steeper the gradient the smaller being the 
intervals between the drains. 

^ On zig-zags particular care must be taken to build the cross 
drains on the lower stretches of the road to correspond with those 
higher up, and every opportunity should be taken to lead the drain- 
Rge right away from the road at all bends. 

14. Culverts are not usually provided in Class V and VI roads, Calverta. 
except where essential across irrigation channels. 

Where they are necessary dry stone culverts or tubes are gener- 
ally suitable. 

15. Bridges and causeways are not provided in Class IV and Bridges and 

V roads, except where bridges are specially necessary, as across a 
gorge to avoid a devious alignment, or across a deep perennial 
stream. 

16. Sidings and super-elevation are not provided in Class V Sidings and 
and VI roads. In hill sections these roads should ordinarily be 

given a cross slope of 1 in 20-30 to the inner drain, or to the out- 
side edge op re-entrant curves. 

17. Mile and furlong stones should only be provided m Class 

V and VI roads where specially ordered. Ston«^ 

18. Direction posts and village signs may be given in Class Dire^n 

V and VI roads, if specially ordered. 

19. Roadside trees are not provided in Class V and VI roads. Boadildd 
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CHAPTER IV. 

Retaining walls. 

Introductory— Principle, of Design— Graphicol Metlod of Design 
— ^Analj^ical Method of Design— Breast Walk— Ecosouic 
Sections for Retauing Walls — Methods of Failure and General 
Remarks- Specifications for Retaining Walls. 

lNTROJ)rrTOKT. 

1. General particulars regarding tbe design and construction of 
retaining walk arc given in the Geneml Specifications (Chapter II). 

In this Chapter detailed methods of design are described. 
These principles arc of equal ajiplieation to abutments, which aie 
essentially retaining walls. 

Pkincifi.ls op Di:sioi», 

2. Wetghti. 


Hammed earth 

. KK) 'l)h. per c 

Sand, drv 

J(M» ., „ 

Sand, moist 

100 , 

Sand, wet 

. I JO- 125 „ ,. 

Clay .... 

. 110 LIO 

Gravel and Sand 

. 120- ino „ .. 

Watei 


Lime tV'ncrete 

* no . „ 

Brick woik 

120 . , 

Dry .stone masoniy 

].TO ,. ,. 

Cement ('oncietc 

. i:jo 150 .. „ 

Stone "Mnsonry . 

ICO ., .. 

of tepo^e. 

Parth. lo<jse . 

. 30" 

Earth, rammed . 

G0-7O-’ 

Sand, diy .... 

. 20"-3r)® 

Sand, moist 

. 30®- 45® 

Band, wet .... 

. irc-30® 

(lay, diy .... 

. 25®- 30® 

Clay, damp or well drained . 

. 30®— 45® 

Clay, ivet .... 

. 16®-20® 

Qravd and Sand . 

. 25®- 40® 

Water «»,... 

. . 0® 
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{Ho-ejficients of friction. 

Masonry upon moist clay .... *33 

„ sand *40 

„ diy clay .... *50 

„ ^?ravel .... *(50 

„ masonry .... *70 


Theaugle of liHernal frivlihu is about 20 per cent, to 10 ])er cent* 
greater than tlie angle of repose of Ihe loose material ; 25 per cent, 
tnay be used generally. 

3. Units arc degrees, feet, and pounds. Notation. 

0=angle of imernal friction of the baeklLll material. 

S --angle of surcharjre of the Ijackfill. 

|x=angle of resultant force on the wall to the vertical, 
h —vertical height froju base to t,o]) of tilling on a vertical 
line through the heel. 

H~heisrlit of wall. 

B— width ot base without toe ]>rojectiou. 

T~-fc<u* ])rojection beyond Lice of wall. 

C ratio of horizontal to vertical ]wessuLe. 
l^-r:L<jtal horizontal pressure on wall. 

F- -total of vertical forces. 

K.si.rebultant of P and V. 

V— total vertical load per foot length of wall ii'om the 
vertical coinixmcnt of the t>a(*kfjll pressure (l^ tan S) 
and any sup(M imposed load (e.y., bridge sj)an). 
w— weight of backfill luaterial in Ibs./c. It. 
m— weight of wall material in lbs./c. ft. 



w 

p --toe pressure on base B in Ibs./sij. ft. 
ia«too pressure on (B+T) in lbs. 
n— face batter (e.//., for a batter of 4 over 1, n-^1). 
i •=founddtion sloi)e {e,g.y for a slope of 1 in 8, q-— 8), 
e=excentricity of ihe resultant, 

—the distance from the centre of the base at which the 
restiltant cuts the base. 

-For convonienco, the forces on one foot le igi'i u£ waU an* consider -d 
lihroughout. 

4. See Plate V. 

The direction of the resultant pressure of the backfill material Backfill 
on the wall is always parallel to its surface. Tlie horizontal and 
^ vertical components of the resultant pressure are P (see para. 3) 
and P tan S, where S ^ the angle of surcharge of the backfiU material. 

The intensity of the horizontal pressure on a retaining wall 
^depends on the unit weight w of the filling, and the ratio c of the 
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horizontal to tho veitical pressuTe. c depends npon the valuea 
of the angle of internal friction 6 and the angle of surcharge £. 

1 £c=‘25, and w=100. 

The horizontal pressure ^c v =&26 and the vertical pressure 

= 100 , 

i.e., for vertical pressures the material may be considered as a 
fluid weighing 100 Iba/c. ft., and for horizontal pressures as a 
fluid wrighing 26 Iba/c. ft. (For water c- 1). 

The horizontal pressure per eq. ft. at any depth H=c wH . (1) 
and the total pressure for any de{)th H, or against a wall of height ft, 

P= (Rankine) . . . . (2) 


Effect of a 
super im- 
posed loal. 


H 

The location of P is through the centre of gravity, i.e.,— 
above the base. ^ 

(i) With a level backfill, when 0, 

1 - sin 0 

'-l+ri.6 <’•> 

(ii) With an angle of surcharge 2 between 0 and 6, 

. _ cos S- • \/cofe* £ — cos*6 
c=co 8»E sn • • • 

COR S-f ‘‘OS* £ - cos*0 

(iii) With an angle of surcharge £ =6 

c=cos*0 (3c) 

A graphical method of finding c is also given on Plate V. 

For an increase in S from 0 to 4/3 0, c increases by about 1/6, 
out as £ increases from 4/5 0 to 0, c rapidly increases, until when 
£ = 6. c is 2 or 3 times its value corresponding to £ 6. 

From this it can be deduced that wing walls at 46° to the direc- 
tion of the slope of u surcharge fill can be designed as for a level 
fill, without appreciable err<»r. 

5. Tf a load W, such as a vehicle or a building, is i^lared on the 
fill within a distance H of the top of the retaining wall, the wall 
must bo designed for an increased height 

. . . . . . (4> 

where D^-the length parallel to the wall on which the superimposed 
load W is distributed. 

Thus, if W 12 ton toad roller 
H=14 ft. 

D=16 ft. 
w=lfl0 lbs./c. ft. 

^16-28 ft., 

^14X15X100 

wad this value moirt he used for H. 
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6. The forces aotmg on a retaining wall, which arc to be con- fonm on • 

sidered, are nudning 

wuL 

(i) Horizontally, 

P— the total horizontal pressure of the backfill. 

(ii) Vertically, 

P-W„+Wb+P tan S+W, .... (.-5) 

Where Wa, =the weight of the masonry of the wall. 

* Wi,.=the weight of the backfill between the back 
of the wall and a vertical line through the heel. 

P tan S-- the vertical component of the backfill pressure. 

(—0 in the case of water or a level backfill). 

W,-any superimposed load, such as the superstructure 
and live load bn a bridge in the case of abutments. 

The resultant of P and F is K, acting at an angle p with the 
vertical and cutting the basu at a distance e (excentricity) from 
its centre. 

7. For safety against overturning, the resultant K of the OTerturaing. 
horizontal and vertical forces must not pass outside the middle 

third of the base of the wall. When the resultant cuts the 
base at the minimum distance of J of the base from the toe, the 
pressure on the heel of the wall is zero and on the toe it is twice 
the average; the factor of safety against overturning is then 
betu een 2 and 3. 


8. The pressure on the foundation material at the toe of thePKwuieon 
wall must not be greater than the safe working stress. By pro- 
jecting the toe the centre of the base is brought nearer to the result- 
ant, and the toe pressures are very much reduced (see Plato VI). 
Projections on the heel increase the maximum too pressures, and 
should not be given. 


The average pressure on the foundations 
Pn_ vertical force or load 
width of Base 


F 

B+T 


( 6 ) 


The difference in pressure at the toe and heel due to the excentri- 
city e of the resultant force from the centre of the base 


p _ 6 X vertical force xe 
; ■ Base* 

(See Volume I, Chapter IV and Plate IV, Case A). 
_ G xFxe 

(B-f-T)* 

The maximum pressure at the toe, 

P4=Pj-f-P, ...... 

and at the heel, Pi,«»P,— P, . . . . 


• ( 7 ) 

. ( 8 ) 

. (9) 
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If Pp is greater than Pj, giving tension at the heel, which 
is impossible, the maximum toe pressure at the toe 
T> 2 X vertical force 

3 sir" 

, b+t 

where x= ‘ (T+e) 


an<l 1) --length of wall under ronsideratioii— 1'. 
(Hee Volume I, (liapter IV and f’la\e 1 V. (^ase Ji). 

-Z 

1 X 


( 10 ) 


Sliding. 9. The wall must have a factor of sah^ty of 2 against sliding. 

To meet tliis condition, tan [x must not exceed half the co- 
efficient of friclion (d th<‘ wall on the foundation material. 

The value of tau (x can he decreased, if this proves necessaiy, 
hy sloping the foundation downwards towards the l)aokfdl (see 

Plate VI). and taking this foundation slope as 1 in (j, tan |x — 


Explanation 
ol lyiagramei. 


must he less than half the co-efficieJit of friction. 

For the graphical metliwl of d« -^ign 

^ total horizontal fou‘(* P 
tan (X- , . , ^ 

total vertical force 

For the analytical method. 

^ c w IP 

tanp.- 


P 


( 11 ) 

( 12 ) 


where V— vertical load per ft. length of wall, from the 
ACTtieal coni])onen1 of the backfill preshure 
and any superimi)os(»d load (c.^., a hridge . 
B~ wultli of ha, s»* without toe projeclion. 
p —toe piessure on base 1} in lbs./s<|. If. 

!('. Plate IV illustiates an ahiitmiuit solves! eraphically, 
utilizing the gra])hieal solution of c slicrwn on Male \". 

The tables on Table VII give values for use in the analytical 
metliort of solution gf rct.iimni» walls. 

Plate M gives standaid projimlion.^ for n^taining walls, to 
suit the average eouditioms stated thereon. These ])ro]>ortions 
can he apjdied direct in prai^tice. subject to the re(juisite calcula- 
tions b<dng made in all important nnrl exceptional cases. (See 
also para. 18.1 


(iHAPHlCAL ilErnOD OF HeTAININO WATJi DESIGN. 

i!m*!le^25' Plates V and VI. 

•hutment). abutment has been chosen, as it introduces a load from the 

‘ ' bridge. The*8mgn as a retaining wall would Ijc on the same 
principles, omitting the bridge load. 
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A xnasoory abutment 25' high is to be designed to letain an 
earth backhll and to carry a 100 ft. bridge span. The maximum 
pressure on the foundations must not excesd 2 tonR=4,48() ll)s./sq. 
ft. 

The jn’oportions given for masonry abutments with a vertical 
face will be adopted as a Krst tiial, and it not saii'.fai'toiy will be 
modified. 


See Chapter VI and Plate X\71, 3rd type. 

Width of base without too projection, 

Br— 40xhoight If— 10 tt. 

Width of toe ])rojection, 

T=n ^ ® -2-5 ft. MakeT=3ft. 

The forces on one foot length ot wall will be considered. 

The weight of the filling 
w— 100 lb.s./c. ft. 

The weight of the wall material 
m» 160 Ibs./c. ft. 

K:^ ----1-5 

w 

Angle of iiticrual friction 0—15*' 

By the graphical method given on Plate V, jCase (1)], plotted 
on Plate lA'. the ratio ol horizontal to vertical iii(*ssuie c=-*17 
or, by equation (3a), ())aia. 1), 

1 - sin 0 1 sin 45*' 

l+sin 0 l-f-sin 

By miuation (i), (para. 1), the horizontal pressure 25 ft. from Horizontal 
the surface 


-cwH -17 X 100 X ‘25^125 lbs./wi. fr. 

The whole pressun may be repr**sented graphically l\ the 
triangle abd (Plate IV). 


p _ abxbd 


>Xl25 


-5..320 lbs. 


or, by equation (2), 

2 2 

P is taken as acting through the centre of giaxity of the triangle, 

i.e., at a height ^^=-8'33 ft. abo\ e the base. 

3 


By equation (6), the veriical component of the resultant force 
on the wall, per ft. length of the wall, 

F»W«+W„+? tan S+W, 

W„,»Wm i+Wmj- the weights of the rectangle and triangle 
which may be taken as composing the 
• abutment. (See Plate JV). 
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ftesnltant. 


Overturning. 


PteBBureon 

foundations. 


W„ ,»(26x3-3xl60)=12,400 Iba. 

. ^ =12.600 lbs. 

2 

(25x6-7x100) 


W, 


-8,400 lbs. 


Ptan S-O 

For W,, the weight of the 100 ft. span is about 3,000 lbs. per ft. 
run. The abutment will bo 20 ft. long. 

-=-7,500 lbs. 


.w,=.. 


3,000x100 ^ 1 

X — 

2 20 


F=12,400-f ]2,600-l58,400+7,.')00=r 40,900 lbs. 

The horizontal distances from the vertical face of the wall, of 
the forces making up F, are : , 

3-3 


W, 


m 1* 


1-65 ft. 


W 


m 2* * 


..(3-3+ 



=5-53 ft. 


Wfc (3-3+ ) -7-77 ft. 

W, 1-25 ft 

The moment of F about the face of the abutment =the sum 
of the moments of its components. 

the distance of F from the vertical face 
_(] 2,400 X 1 •65)+(12.600 x 5-53)+(8.400 X 7-77)+(7.500 X 1 -26) 

40,900 

=4-02 ft. 

To find the resultant, plot to any suitable scale the triangle 
of forces mnq, in which 

mn—F =40,900 and nq=-P =5.320. 

Then R=-mq=-- 44.200 lbs. 

The resultant R intersects the base -56 ft. beyond the centre, 
i.e., within the middle third, which satisfies the condition of stability 
against overturning 

By equation (6), (para. 8), the average pressure on the founda- 
tion 


n F 40,900 — liA 11/ 

"B+T "" ft- 

By equation (7), the difference in pressure at the toe and heel 
due to the excentricity e of the resultant R, 

• (B+TP IS* ' ‘ 

i.e., 800 lbs. compression at the toe and 800 lbs. tension at the 
heel. 


By equations (8) and (9) 
Max. pressure at toe 
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Pt=P»+P» =3.940 lb8./8q. ft. 

Max. presHure at heel 

Ph=Pa—P« -2,340 Iba/sq. ft. 

The diagram of base preesutes is drawn as shown on Plate IV. 

The rectangle 1, 2, 3 , 4 rq)resents the average pressare— 3,140 lbs./ 
sq. ft. , 

The difEerences due to excentrieity (800 lbB./bq. ft.) are plotted 
as 3, 5 and 4, G. 

Triangle 6, 7, 4 cancels out, leaving as the resultant diagram 
of base pressures 1, 5, 6, 2. 

The angle of the resultant R with the vertical, p— qmns=-7J‘’ Slulmg. 
.*.tan p-tan 7^°= -13 , 

For masonry on earth, the co-efficient of friction -*40 
Tan p is less than | this. 

.*. the abutment is safe against sliding. 

As the resultant lies within the middle third of the base, and the Conoiuaioii. 
maximum pressure on the foundation, aud the resistance to sliding, 
are satisfactory, the design is suitable. 

12. If the maximum foundation pressure were excessive, the VstiaSlonB. 
toe would re(j[uire more projection. If tire resistance to sliding 
were too little, the base width of the wall would have to be increased, 
or the base would have to be sloped down towards the backfill 


at a slope 1/q such that 


P 

F 


— is less than the safe value for tan 

q 


p (-20). 

13. It should be noted that, if there were no toe projection, Nciciwityfoi 
the maximum toe pressure would be as follows - bon?”****" 

e'= J.+e)=(l-5-f ■65)-2-05, say 2 ft. 

M Jl 


Average base pressure 

=.4,090 lbs./sq. ft. 

By equation (7), (para. 8), the diftetenoe in pressure due to 
excentrieity 

=4,900 lbs./sq. ft. 


.‘.max. pressure at toe 
=p,'-j-p/— 8,990 Iba/sq. ft. 

and pe' being greater than p/ there uould be a theoretical 
tension at the heel 

=p/— p,'= - 810 lbB./8q. ft. 

.‘.by equation (10). in this* case the maximum toe presfure 
would be 


Pt- 


“2F 

3x 
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whern x 


B-}. 


— fT4-eW 6*6— 3-56 *2-95 f 


. , 2 x 40,900 

• • Pt 3)^95““®’^®® Ib8./Bq. ft. 

This is double the permissible maximum load on the founda- 
tion, and shows the necessity for the toe ptoj ection in this regard. 


An.\lttical !MjsTboi> of HirrAiNiKu Wall Design. 

14. The graphical method of design is tedious, and may necessi- 
tate several trials before the right section of wall is determined. 
The graphical method need only be used for special cases not easily 
solved analytically. 

The anal}tical inethc>d is much quicker, and gives directly the 
B 

necessary proportion ^ and the other lequisite details. 

JJ 

In Tal)le \1I, equations for determining the value of together 


Second 
BJxaniple 
<30' retain- 
tng wall). 


g 

with tabulated results for . maximum toe pressuies p, and factors 
H 

of safety against overtiuning, to meet various conditions, are 
given. 

B 

The equations for are ot equal application to walls 
retaining water, whc*re c=-l. 


15. A ictoining vail is to be designed 30' high to retain a level 
earth backfill with an angle of internal ftiction=^37°. The maxi- 
mum pressiiH on the foundations must not exceed tuns=: 
3,3(i0 11)R./sq. it. 

A wall vith a vertical back will be ado])tod. Make the top 
thickness of the wall 2'. 


H=30 ft. 

S-0 

0-37“ 


w W 


^ 1— an 37° 

l-f sin 37° 

From equation (7) on Plate (T. 1) 


SB y — -jM — -J-'O!— 

H V K 

.•.B«'3r!H30»lMft. Bayin', 
prom the tables on Table VII, 

Masr. toe ptessure 
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• p«190H:^ 6,700 lbs./8q. ft. 

Max, allowable presanre _ 3,360 _ 

Max. pressure on base B 5,760 
.*.a toe projection T is necessary, such that the toe pressure 
on the base (6+T), f, is not greater than *59 p. 

From the foundation pressure table on Plate VI, I sB . 

f=66p. . 

Make T« =2-22 ft. Say 2' 3*. 

Flora Table VII, the factor ol safety against oveiturmng, foi 

T 

base B, =2'06 this is inoreased bv the eftect of— . 

2 

For sliding, by e<[aation (7), (para. 4), 

. cw H* 

tan u— ,, _ 

‘iV-l-pB 
•25x 100 X 30® 

0+(6, 700x11*1) 

But tan (i must not exceed 
co-efiicient of iriotion *10 
2 “ 2 

.*. the base must bo slqied at tan “'(‘SSr)- 
^tan ~**]53, or 1 in 6J. 


- 20 ) 


From the above results, and the piopoitiou'' ioi letaining vails 
given on Plate VI, the design can be completed 

16. The foundation pressure at the toe, in the case of the 25^ toal 
abutment voiked out in para. 11 and solved gro])bically on Plate met^to ut 
IV, con be approxunately found analytically as follows EsamiJe. 

The exceutricity e^ of w, 

_( B+T _ rp_i.2r>^^f,.f5_3_1.2.'j=2*2.‘) 


By equations (6) and (7), the toe pressure due t( 
„ W, , CxW.Xe, 7,600 6 x 7.500 x 2*26 _ 

(B+T)+ (B+t)* “ 13 13* ' 

lbs./Bq, ft. 

From the table on Table VII corresponding to E»l*5 anc 
equation (1) thereon for a vertical faced wall, the toe pressure due 
to the zemfdning vertical forces, (for base B, disregarding the tot 
projection), 

psa260 H approx. 

»260 X 25 »6,600 lbB./8q. ft. 

SB B 

Thetoeptojeotio!iT*»3'*« a.— -w 

111 •i*3l 
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Interpolatiiig tbis in the founcUtion preasnie table on Plate Yl> 
the oorreot toe pressure f, on (B+T) <k‘ 39 p approx. 

a:2,640 Iba/sq. ft. 

.‘.Max. toe pressare»11774*2510=<3717 Ibs./sq. ft. 

This may be compared with the value 3,940 lbs./sq. ft. derived 
by the lengthy graphical process 
For sliding, 

V=P tan S+W.«W, 
and by equation (6) 
cwH* 

ton p* 2V+pB 

•17x100 x 25* 

(2 x 7,600)+(6,5db)<10) 

which practically agrees with the value for tan p, *13, obtained by 
the graphical method 


Bbeast Walls. 

&eMt Walls. 17. Proportions for breast walls are given on Plate VI, Types 

E and P. The equation for „ . , in this case is 
l^ht 

H a/ IJ K. ^ V 2n y 2n 
where n^the batter (usually=3/l or 4/1) and 
Cis2/3 c lor a batter of 3/1, 
or=3/4 0 for a batter of 4/1. 

Max. toe pressure p=125 H. 

Breast wall designs are solved similarly to those for ordinary 
retaining walls, subject to the above special equations applicable 
to them. 


Eookomio Section*, vob Kktainino Walls. 

Booiioinia 18. The relative quantities of material, and the toe pressures 
SeoboDs. jjI yarioag Actions, taking a rectangular cross section as 

1*00, are : — 


Face 

tedacal. 

nil 

8/1 

0/1 

4/1 

Back 

vertical. 

Hcotanp- 
lar wall. 

Symmctri* 
cal wall 

Materiia . -Oe 
ItwpeMtim '84 

1 

•62 

r 

•01 

•00 

•69 i 

•67 

loo 

•01 


•77 

•74 

1 

JU 

•03 

1-00 

•76 


The rediitogular cross section requires the most material, and 
also {tfoddees the largest toe pretsures on the foundation. 
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For tioxplioity in oonstractioB and lor economy in material and 
low base pressures, tb.e seeldons with fooe vertical or a batter of 12 
over 1, or with the back vertical, are the best. 

MbTBODS 07 TAILUnn AND QENBBAL BBMAltKS. 

19. Retaining walls usually fail through errors in construction Method* ef 
auoh as 

(i) Sbttlement of the toe, due to toe shallow foundations 

* or to the presence of water at the toe, or to no toe 
projection being provided to reduce the pressure on the 
foundation. 

(ii) Lack of proper drainage, allowing the fill to become satu- 

rated and causing a large increase in the earth pressure. 

(iii) Carelessly placed backfill not properly rammed. 

(iv) Insufficient bonding in the masonry courses. 

(v) Masonry courses not at right angles to the face of the wall. 

An examination of the proportions for retaining walls according 
to Marryat’s specifications, and Trautwine’s, General Fandiawe’s 
and Sir Benjamin Baker’s practical rules, shows that they agree 
with the proportions derived by theory for an angle of internal 
friction between 45° and 53°. 

The retaining walls for average conditions shown on Plate VI 
are based on K— 1*25 and 6=45°. 

If local experience from failures indicates that these walls are 
not strong enough, their proportions may be increased, provided 
that the failures are not due to lack of proper foundations or 
drainage, to sliding or erosion, or to excessive toe pressures on the 
inundations due to an inadequate toe projection on the base. 

In all important and dxcqitional cases retaining walls must be 
specially designed by the methods herein described. 

20. For a surcharged slope it is sufficient to increase the base Sntohuged 
dimensions by 20 per cent. In such cases the resultant earth pres- S***?**- 
sure is paraUel to the surcharged slope of the fill, and although 

it is greater than for a level fill it has a smaller leverage, and the 
overturning moment is not much greater, exc^t when 6 is less than 
about 30°, (a rare occurrence except with water and very wet 
sand, when epecial designing is always necessary). 

SfEOIVIOATIONS fob BBTAININO WAU.S. 

21. According to the strength and service required, retaining gpMifioa* 
walls may be constructed of : — 

(i) Rough dry stone, on lime concrete foundations if neoes- 

aty, 

(ii) Bough dry stona ^vith strengthening bands of stone in 

lime. 
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(iii) Alasoniy in lime or lime eonorete, on lime or eement 

concrete foundations. 

(iv) Masonrj in cement or cement concrete, on cement concrete 

foundations. 

(i) and (ii) apply to ordinary retaining and breast walls, not 
impinged upon by floods and not required to bold water. 

(iii) and (iv) apply to abutments, and to important retaining 
walls or portions thcreoi. (See also Chapter II, para. 32.) 

The specifications generally should comply with the masonry 
^ecifications in Chapter VI and Volume I, as applicable. 

Focodaiimu. 32. Voundations must be taken deep enough to reach solid! 

material, safe from scour, frost, and suifaoo water. Book must 
be cut in level steps or to a downward slope towards the filling. 

The foundations must be at least'l foot, plus 1/10 of the height 
of the wall, below ground level 

Uuoaiy.^ 28. The base must be substantial and be capable of distributing 
the pressure over the foundation. The projection of any footing 
course should not exceed half the depth of the course. 

Masonry courses must be normal to the hee batter ; the back 
of the wall can be left rough or s.epped. Special attention must 
be given to through bonding, spcciallv in dry stone walls. 

Coping. 24, Tho top thickness of the wall should not be less than 

i ' G" or 2' O'. The coping should consist of large stones, which must 
be laid in cement mortar wbeie liable to damage from traffic. 
The top ot the coping should be weather sloped. 

Drainage. 25. Adequate provision must be made t o prevent water accumu- 
lating behind the wall. Weep holes 2 to 3 inches squmo should 
be provided about every 6 feet vertically and horizontally, the lowest 
being about one foot above gionnd level. 

The inlets of all weq) holes should be surrounded by loose 
stones. In wet situations a continuous loose stone drain should 
connect the horizontal weep holes. 

ihnsflu 26. The layer of backM immediately against the wall should 

consist of stone or of the most granular material available. The- 
remainder of the backfill slionld be rammed in 6 inch layers, 
eloping away and duwrnwards from the back of the wall. 
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CHAPTER V. 


Bridges and culverts— Calculations for waterway, 
Depths of foundations, and loads. 

Gsaeral Principles o( Design— Calcnlations for Waterway and 
Depths of Foundations— Calculations for Load on Bridges 
and Culverts on Mechanical Transport and Cart Roads— 
Calculations for Load on Bridges and Culverts on Pack Trans- 
port Roads. 

0 

(JkNJEBAL PEfNCIPLES OF DESION. 


1. As a general rule, it is not economical or advisable to restrict Waterway, 
the waterway when constructing bridge or culvert, except in very 
exoq>tional cases. A restricted waterway increases the velocity 

and the scour, and the consequent safe depth of the foundations ; 
it also necessitates training w orks which will often be of an elaborate 
and expensive nature, above and frequently also below the bridge. 

2. Foundations must always be taken down deep enough to FoondatioDS. 
be safe from scour. No reliance should be placed on training 

or ijrotection works to reduce the depths of piers and rtbutmeuts. 

3. The alignment of all training bunds, abutments, piers, banks, Alignment of 
and retaining walls in the river bed in the vicinity ot a bridge **"'*8® 
must conform to the current rather than the road. Thus a stream 

line alignment should bo proseaitod by piers, etc. ; training works 
should be aligned to lead the water rather than force it ; a ud generally 
speaking all preventable recesses or projecting points, which would 
cause txidies, cross currents, be likely to cause additional scour, 
must bo avoided. 


4. Culverts should always be designed in one span (except Numbers 
where the use of a group of tubes is suitable and economical). 

As a general rule, spans of bridges should bo os large and as 
few in number as possible. 

For each typo of bridge^ there is a certain economic span length, 
which will give the mmimum total cost, and which shouhl be consi- 
dered with due regard to practical coobidcrations. 

6. The ^au ^ minimum cost occurs when the cost of one Knie for 
epan of the-structure carrying the load direct to the piers is e(j[ual 
to the cost of one pier. 

Items which are common to a large or small span such as metdi* 
ling, kerbs, parapets, handrails, and floor slabs, in beam bridges, 
and floor slab and beams in truss bridges, do not enter into the 


problem, as their cost per foot of q)an does not vary with the 
.length of the ipan. 
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Take for example a series of R. 8. Joisl; spans with a slab floor, 
total height of piers 12 ft. Then the economic span will be about 
12xl|«=21 ft. 

The coinpaiatiTe costs of the piers and B. 8. Joists for 10, 20 
and 40 ft. epans of height above bed level up to about 12 ft., are 
approximatdy as follows : — 

I 

Nom— The floor, eta, li common to nil qMuis end dooe not rater into the 
oomparison. 


Clear span ... * 

10 ft. 

20 ft. 

40 ft 

Coat of 1 pier .... 

7 

8 

10 

Coat of 1 span of R« 6. Joists 

2 

8 

32 

Total 

, 8 

16 

42 

Coat per foot of span . 

■» 

•8 

I'Od 


Also fci the same clear waterway the smaller spans will require 
a greater total length ^ bridging and the floor system will be 
longer in the proportions of 115 per cent., 110 per cent, and 
107 per cent., respectively. 

There s therdore no economy in relatively short ipans ; they 
require m( re piers, which multiply the difficulties met with in the 
foundation > and they cause greater scour and obstruction to the 
stream. 

Graenl Pro* 6. Approximately the economic span is as follows : — 

Dwtionsfor 

Eoraomio Maaoni} trohM L-^2 H or mora 

Bpsaa Reinfarrad concrete slab on maconiy pieie . . L— 14 H. 

Brinfotced oonomte slab on pile bents . . L-= ] H to H. 

S^ral tronghuig, K. 8. Joists and reinforced 
concrete beam spans on masonry purs . . 

Steel Trass Spans on masonry piers . . . L=-.^ H. 

Where L^span length in feet centre to centre of piers lor minimum 
cost, and 

Ifsstotal height of one pier or pile bent, from the underside 
of the foundation to the top of the pier or pile bent, 
and for arches to the intrados of the keystone. 

The cost will not vary appreciably for | to 1| times the above 
values of L, and for twice these values the cost will increase by 
about 26 per cent. 

Where the foundations must be very deep and expensive, it 
wi)l probably be cheaper in the end to use spans of twice the econo- 
mio (pan, and halve the number of piers required. 

Special rake 7. For economy in nutwial in the arch ring and abutments, 

ft*riiiiis*°“^ ^ should be between | and ^ of the q>an, and the 

span should be not less than the height in the ease of culverts, or 
not less thaiMl times to twice the height in the case of bridges. 
The height is measured from the underside of the foundations to 
til « lUidersida d the keystone. 
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Spaas in which tiie rise is less than | of the span, or in which 
the hdght is greater than the span, require more material in 
abutments, piers, and wing walls. 

For the same area of opening it is more ecoaomical to increase 
the q>aa than to increase the height ; hence spans, whether single 
or in series, should be wide and low. 

For culverts the dimensions should be about as follows : — 

a 

Span 3' 4' 6' 6' 8' 10' 12' 

Height from vater ran or floor to 

nndereide of keystone . . 31' 4' 4{' fij' 7' 81' 10' 

ToUl Mea of opening sq. ft . 0^ 14' 21' 29' 49' 74' 90' 


8. Where the hnght from the bod of the stream to the surface Arch Bridges 
of the road is limited to the mini mum requirements, the general ^adway^ 
proportions of the span should be based on the average depth of clearance, 
the water at Observed High Flood Levd. 

The following proportions are recommended : — 




Span A 

equals, equals. 

B 

equals. 

Rise of arch ^ V of span 

, . 

44 d 2-2 d 

1-32 d 

.9 =l » 

, , 

4*6 d 2*3 d 

1*15 d 

If “4 11 • 


4*8 d 2*4 d 

*80 d 

11 ir If • 

• 

5*65d 2*77d 

0 

Where A^height from average 
of arch. 

bed level to underside of 

crown 


B=height from average springing of the arch. 
d=height from average 0. H. F. Level. 
t.e., if the waterway is contracted 

^ Water area before obstruction 
~ Sum of clear span openings. 


These proportions give a total area of arch (gening of 1*94 
times the waterway area which is sufficient area to pass a flood of 
3 times the amount flowing at observed high flood. If necessary 
the level of the road should be raised to suit qians of not less than 
the above proportions and clearances, but .beam or K. S. Joist 
bridges are more suitable for such oases. 


Calouiatiohs bob Waterway and Detths of Fouedations. 

9. Practical experience of bridges and causeways shows the Eeoetriiy for 
great importance of taking the foundations to a depth where they 
will be below the erosion caused by the greatest possible flood, and scour. 

The object of calculating the waterway and scout is to ascertain 
the amount of waterway necessary, the effect of the waterway 
provided on the velocity of the stream, and the effect of the result- 
ant velocity on the soour, the depth to which the foundations 
should be tglcsn b^ detemined therefiram. 
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Tile calotilatioQ anil design of bridges is, bow'ever, in particular 
a branch of the Engineer’s art in wiiioii theoiy must be tempered by 
practice, just as practice must equally be guided by theoiy and 
experience. The methods of calculation hero indicated, which 
are based upon a careful study of practical results on the N.-W. 
Frontier of India (to the conditions applicable to which and similar 
localities they are primarily applicable), combined witli a st.uly 
of accepted principles in regard to bridge design and of practice 
in America and elsewhere, should therefore be utilized, to obtain 
data to be adopted as a safe guide, and to be modified in the light 
of qiecial local conditions and actual practical experience where 
necessary. 

The calculations indicated should always be made, wherever 
possible ; safe rough rules for Concurrent or emergency use are also 
given. 

10. Drawings for bridges should consist of 

(i) A she plan, drawn to 1/100* to 1/400* scale. 

(ii) Cross sections of the river bed. drawn to 1/20* to 1/ 10" 

scale horizontally anJ 1/10* to 1/20* vertically, showing 
bed level, observed high flood level, aud all other useful 
iniouuation relating to the hydraubes of the river. 

(iii) Plans and delation of the bridge, drawn to 1/16* to 

1/40" scale showing centres and width of piers, de|>th 
of foundations, bed of river, obsen'cd high flood level 
and clearance to girders. Cirders. abutments, and 
piers to be drawn in outline only. 

(iv) Details of each type of pier aud abutment, drawn to J* 

seale. 

scale -^scale ol 8 ft. to 1 imh, and bu on.) 

These scales are suitable for a bridge about (500 ft. long. 

For hniuUer bridges larger scales may be used, but the drawings 
should not e.’cceed 24 inches wide by 36 inches long. 

I’lio seale of a drawing depends on the size of the smallest 
dimonsious. There is no object in drawing t he bridge elevation to 

scale necessitating a drawing 12 ft. long, wbeuonly tbe centres 
of piers are to be shown. The bridge diagrams in this Handbook 
have beim drawn to retluocd scales ; about 11 times to twice these 
scales would be normal. 

U. The site of a bridge should be in a straight reach of the 
river whore the oiurent is straight, and the banks are regular, 
approximately parallel, and w(^ defined. The rite should he 
far enough below large tributaries and bends to be free from their 
disturbing riScct on the ciuront. Where a causeway already 
exists the b«^e should preferably be sited above it, as the cause- 
way will cause the stream to head up and will tlius tend to reduce 
the sooux. 
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Bridges whioh contr««>t tke wateiway, or are sited where the 
banks come close together, must have extra det^ foundations and 
adequate training works, to ensure that iha current will flow 
straight and not diagonaUj through the bridge. 

12. The most rriiable method of estimating the discharge or qs. 
run off from a catchment area is by calculating what the discharge 

of the river would be at the observed high flood lovri. 

In the absdhce of any such local data, any attempt to calculate 
run off and waWways from first prinoixdm is liable to very serious 
error, as many of the factors can only be determined by reliable 
data based on extensive observation, and such information will 
never be available where e\*cn flood information cannot be obtained. 

The Run Off dex)euds upon ^™ 

(1) The extent, duration and intensity oi rainfall on the 

catchment area. 

(2) The usual path of rain storms, whether up or down or 

across the catchment area. 

(3) The natural or artificial storage. 

(4) The size and sha])e of the catchment area and its gradient. 

(5) The character of the gremud, whether bare and rocky, 

or absorptive or covered with vegetation. 

(6) The time which the precipitated rain takes to reach the 

site from every part of the catchment area due to the 
formation of the catchment area, ?.c., its slqu*. 

1’he waterway area depends upon the run off and the velocity 
of the stream, which de]>ends on the gradient, the hydraulic radius, 
and the roughness of the bed. 

13. For N.-W. Frontier xivers the run off from the catchment Run ofl 
aiea is appioximatcly icprcsMited by the following formula) : — BOTmaJa- 

Q -maximum discharge or run off in cubic feet per second. 

M— catchment area in square miles above the site of the 
Bridge ; this may be measured from the Surs'cy of 
India xnaps. 

Fur M less than square miles Q=], 200 . . . (1) 

For M 9} to 12,000 square miles g:»2,100M' . . . (2) 

with a variation above or behw of 33 per cent, in both cases. 

Colonel Dicken's formula for all-India is Q^CM* . (3) 

in which C averages about 826. 

Ryve’s foimula for Madras district is QsGM* . . (4) 

in wliioh C--<«450 within 16 miles of the coast. 

ss663 for 16 to 100 miles from the coast. 
aB676 for limited areas near the hffls. 

These fanuuli9 are to be used as a guide in conjunction with 
caloalations for’Q (see para. 18) from the known H. F. L. 
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The fonnaliB most not be need meehenioally, negleoting 
local information. Where loeal informati<m is unreliable the 
formulae give an approximate idea of the discharge. 

14. Where local information is not available, the rratenray 
area, eapecially for small bridges and culverts, may be approzi* 
matdy determined from the Dun Drainage Table (see Table VUI). 

This eraterway table is based on rdiable flood data in the 
United States, and is used extensively there with satisfactory 
results. ^ . 

From observations of existing culverts and bridges in any 
district, the particular percentage column of the Table applicable 
to that district may be ascertained. 

As run off formulae for American and Indian rivers increase at 
about the same rate for an increase in catdiment ares, the waterway 
areas will also increase similarly. 

The percentage values indicate the relation of the waterway 
areas in the four columns, and have nothing to do with the ratio of 
run ofl to precipitation. 

Use the 120 per cent, column in bare stone Covered hiUs liable 
to heavy rain storms. 

Use the 100 per cent, column in hills covered with v^etstbn. 

Use the 80 per cent, column for plains close to the hills. 

Use the 50 per cent, column for plains distant from hills. 

These are approximate percentage values, and they may require 
modification for special conditions, and from local experience 
with existing culverts and bridges. 

Definition*. 15. The Moving Bed is the depth of bed in motion during 
floods. 

The Bed of the Stream is the surface of the moving bed. 

The Solid Bed is the bottom of the moving bed. 

Existing Scour is the greatest depth of the moving bed 
before obstruction by the bridge abutments and piers. 

Ultimate Scour is the greatest depth of moving bed after obbtruo- 
tion. 

Observed High Mood Level is the levd of iho highest recorded 
flood. 

Ma ximom £Sgh Flood Level is the level of the highest possible 
flood. 

See Plate IX. 

Bototioa. 16. The notation adopted in the formulss is as follows : — 

(All units feet and seconds.) 

4t Observed Bigh Flood Levd (0. H. F. L). At Maadmm High 

Flood level {Maxif 
mum H. F, L.). 

V ig itmage velooity . . . Vj 

A area of waterway cmes'section Ax 
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P » wetted perimeter of river bed 
for » . « • • 

X sa hydreolic meaa depth 

■Q a- total dischai^e in cnsecs 

a s= slope of water surhuje 


Pi 

A Ai 
=s-^r,a=:-~ 

Qi ” li Q (mini- 
mum). 

a- fall of water sur- 
face divided by 
the length in 
which it occurs. 


a s co-efficient of rugosity of nver 
bed. 

sa *020 for earth in good ordei and*^ 
regimen free from stones and 
creeds ..... 

-= *025 earth in fair order and regi- 
men free from stones and 
eree^ls ..... 
a: *030 earth in bad order, occasion- 
al stones and weeds . . ^Kutter. 

— *035 for rivers in bad order and 
regimen with stones and weeds. 

(Used for hill streams gener- 

aUy) 

a: *050 for torrential rivers in beds 
covered with detritus and 
boulders .... 


Ai Afflux. 

B — clear unobstructed width of waterway between piers 
and abutments. 

Aj as area of waterway cross-section over width B at Maxi- 
mum H. F. L. 

d a. average dq>th of A^— * 

D 

o as *60 for round nosed piers and *70 for triangular nosed 
piers. 

q as discharge in cusecs per foot of width 

sD 

H as total velocity head at obstruction before scour. 

h as afflux or rise of water surface caused by the obstruc- 
tion. 

Va aa average velocdty at obstruction before scour (under riie 
arches or gi^ws). 
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A, as empiric sveiage wstexwa^ area under bridge for 
cslcolsting \p making ellcmranoe for afflux and 
scour. 


Scour. 

m a: Scour co-efficient for the material of \rhich the bed is 


— ’63 for very fine silt (as in Sind * 

canals) .... (Buoklhy). 

=a '84 for fine sand silt (as in Punjab') 

canals) . . . .1 

=• I’OO for sandy loam . . ^(Kennedy). 

a= 1'07 for coarse silt and coarse I 
sand . . * . .1 

= 1 ’2 to 1 ’5 for sand and smalP ' 

hajri 

=• 2’5 to 3-0 for bajri and gravel 
= 3’0 to 3*6 for gravel and boiil 
ders 

D mm maximum depth to scour holes and channels (in the 
Vicinity) bdow 0. H. F. L. before construction. 

D] - maximum depth to scour holes and channels (in the 
vicinity) Maximum H. F. L. aft® obstruction. 

Dj ■=- (l^th of foundations below Maximum H. F. L. 

Yj = velocity after obstruction and scoui . 


‘I 


calculated from 
data of streams 
on N.-W. Fron- 
tier of India. 


Alivcellatieotis. 

C -clearance between 0. If. F. L. and lowest part of 
bridge superstructure. 

B. L. reduced levd referred to datum. 

17. Take 3 points (a),{b). (c) on the river under conaderafion 
(a) at a distance above the bridge site equal to 6 tunes its 
width between banks, 

(&) at the bridge site, 

(c) at a distance equal to {a) bdow the bridge site. 

If appreciable tributaries or waterfalls occur between (a) and 
(c), the distance (a) to (h) and (h) to (c) should be altered to avoid 
them, or the ctdoulalaons modified to allow for them. 

At each of these points plot a cross-section at right angles to 
the stream, showing with reference to one datum level 
(i) the water level, 

’ (ii^ the observed high fiood levdi by enquiry and inspection 
d tiie banks, 

(Ui) tilled of the sh;eam, 


BsU ’n- 
qnM from 
bridge site. 
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(iv) the nxasimam depth of scour ohanuels in the vicinity, 
inuuediatdy after a flood if possible or asccrtadncd by 
trial pits. 

Measure and record the distances between (a), (6) and (c), and 
with a surveyor's level ascertain very accurately the fall of the 
water surface or 0. H. F. L. between them on the same day. 

Note the oharacter of the bed and banks, and if the currimt is 
straight or winding. Also, (with a '\’icw to detoiinining the co- 
efficient of rugosity n), note the material composing the bed of the 
river, e.g., size of boalders. gravel or sand, etc., and by one or two 
trial pits ascertain if the material underneath the bed is coarser or 
finer than at the surface. 

In respect of each of these three cross-sections, 

(i) Calculate and record the cross-sectional area of the 
wateiway A at 0. II. F. 

(li) Measure and record the wetted perimeter P at 0. H. F. 

(iii) Calculate and lecord the hydraulic mean depth below 

0. H. F. L., r 

(iv) Measure and record the maximum depth to scour holes, 

J), below 0. H. F. L. 

(\) Calculate and record the slope of the water surface, 
kll 

"" distance 


18. To find the mean velocity at 0. H. F., Ufanuing's foimulo jhean Velo- 
should be used dty and 


V X 

n 


( 1 ) 


Diaohi 
ol 

Llgh flood. 


at 


Ihe Aalae-> ior the co-cfficient of rugosity ot the livci bod, n, 
are given in paragraph 16. These are the values given in Kutter's 
formula : they arc equally applicable to Manning’s fonuula, which 
gives a]>proximatoly the same results as Kutter’s, and is easier to 
use. 

If the waleiw'ay includes seveial channels of greatly varying 
depths, each channel should be calculated ior separatdv. 

Tabulated § roots and square loots are given in Table X. 

The disehai'ge at 0. H. F, 

Q A. V. . . . ... (2) 


The values of V and Q should be calculated by equations (1) 
and (2), and Recorded, for the three sites. 

Assuming that an appreciable waterway or waterfall does not 
occur betwera sites (a) and (c), Q for the bridge rate (h) should 
equal the mean value of for sites (a) and (c), and unless the 
value of Q for the bridge site (6) differs by more than 5 per cent, 
from the mean value for sites (a) and (c), thecakrulation should 
proceed utihizuig the data for the bridge site. 
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Velocity and 
DiBohai^ at 
maximain 
high flood. 


If the Tslae of Q for the bridge tdte differe by nore than 6 per 
cent, from the mean value for dtes (a) and (c), an error needing 
rectification in data or calouktions is indicated, and they ahould be 
retaken. 

If the resultant value of Q for the bridge site then still differs 
by more than 5 per cent, from the average for sites (a) and (c), the 
mean value of Q for the three sites nust be 8dopted/> and 

V taken — value of Q 
A fur bridge site 

(the remaining data for the bridge site of course being used in 
any case). 

In a case in which an appreciable tributary or waterfall occurs 
between sites (a) and (c), its discharge must be calculated, and 
allowed for in comparing Q for (a), (b), and (c). 

19. Measure from the map the catchment area M in square 
miles discharging through the bridge. 

Vide paragraph 13, the maximum discharge or run off 

= 1,200 M* cusecB where M is less than 9| sq. m. (3s) 

or Qi — 2,100 cnsecs where M is 9} sq. m. or over (3b) 

subject to a variation of 33 per cent, in special cases. 

To allow for an abnormal flood, the discharge at Maximum 
H. f ., Qj, must be tskoi as a suitable multiple of Q, spproximatdy 
ss Qi, caloulsted by the run off formula, subject to a minimum 
value 

Qi = 11 Q (4) 

In any case, Qx should not ordinarily exceed 2Q. 

JEVom equation (1) it may bo proved that if the rise in water 
surface does not increase the wetted perimeter by more than 50 
per cent, the hydraulic mean depth at Maximum H. F. 

Q , 

rx.=^-^’X r approximate .... (5) 

The approximate rise in surface at 

Maximum H. F. = rj — r (6) 

The wetted perimeter at Maximum H. F. 


Pj=P+2 (rx — r) approximate 
The wateru'ay area at Maximum H. F. 

Ax®®Px^^i ...... 

From equation (f ), the probable maximum velocity 

V,s*i!i^Xrx*X8* 

Q, * 



Iha maodmum dischiurge 

QjwA}XV| , , t • • 


(7) 

( 8 ) 

(9») 

(9b) 

(9c) 

( 10 ) 
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TliiB valae fdioald be approodmately s the value assumed for 
after calculating the probable maximum run oft, the observa* 
tions and calculations thus being counter-rhecked. As noted in 
paragraph 13, the run ofE formulee must not be used mechanically, 
or local information neglected. In case of doubt higher rather 
than lower alternative values should be adopted. 


The B. L. of Maximum H. F. without afflux B. L. of 0. H. F. 

-f(ri — r). ’ 

20. A suitable method of calculating the afflux, or rise above Afflux, 
calculated Maximum H. F. L. due to an obstruction, such as that 
caused by the bridge piers, etc., is given below. 

Plot on the cross-section the proposed bridge i^ans and piers, 
and calculate from the cross-section the Area Aj of the clear water- 
way between piers and abutments at Maximum H. F. 

The average depth 

d=g* .• (11) 


where B =- the total length of clear waterway between piers. 
The average discharge per ft. width of clear opening 

Q. 

B 


( 12 ) 


The ttffliiT should be calculated by the use of Merriman’s Formula 
<given'in Merriman’s Hydraulics). 




(13) 


whence the afflux 

h = H— -0155 V* (14) 


H is the total velocify head at obstruction before scour, and c is 
a constant dq>ending on the shape of the piers (for values see para- 
graph 16). 

Equation (13) is solved, to find H, by trial and error, utilizmg 
the table of powers given on Plate X. 

Theefiect of scour on the afflux is not allowed for in this formula ; 
hence after scour the afflux will be less than that calculated. 

21. In cft1o ii 1 * t.ing the velocily through the bridge, 10 per cent. Vdoeify aad 
should be added to allow for the effect on the velwity of the oontrac- 

<tion of the current past the piers and abutments. 

Hence (15) 

Where Aj=» X B= (d + ^ )B . . (16) 

22. On account of the obstruction caused by the piers and abut- 5eonr. 
iBsntB, and the increased vdocity due thereto, the depth of scour 
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Velocity of 
water to 
move stonee. 


GriUoal 
velocity and 
oo^efficient 
of scour. 


\n]l be increased at tbo bridge. The increase in depth of scour will 
bear a relation to the increase in velocity. 

The following consideratsons of the effect of velocity on scour in 
beds of different materials are of general interest. The results 
theieby obtained are not directly used in the fonnuke for bridge 
calculations here given ; the results obtained l>y the latter are, 
howevw, in conformity with these principles, and the velocity- 
material data will be found to be of particular use in designing 
training bunds (see Chapter VIII). 

23. By Ohailly’s formula, the velocity of water Yin ft. per sec. 
which will move stones of diameter d ft. and specific gravity 
G, 18 

V=6-67V'^d. . . . . . . (17) 

For practicid purposes, assume G == 2*65 (value for sand and 
gravel), 

Thend-g*. (18) 

From this the following data result : — 

A relonty of ft. see . 1/2 1 .* 3 4 5 1 10 15 20 

Will ino\e sfonca of dia- 

loetei . . . . 1/28' 1/7' 6/8' U' 2J' 31' 7' I'S' 2' 8' 4' 8' 


By Kennedy's formula the critical velocity which causes neither 
silting nor scorning 

V„=ra !)•«« ' (19) 

Whence 



( 20 ) 


and 


m: 


Vo 

I)« 


(21) 


1) being the maximum depth, and m a coefficient depending 
on the eom]>osiliun of the bed 

If the velocity bo greater oi loss than Y„, the bed will scour or 
silt up until a stable condition is attached, as expressed hy the 
above formula. 

By inserting in equation (20) the observed or calculated value 
of V, and the corresponding value of D from water level to the 
bottom of the deepest scour hole or channel, diuing fiood conditions, 
the value of m can be calculated in any individual case. 

The values of m so obtained will vary slightly for the aame 
material, according to local currents and conations, which may 
oftuse a comparatively large or small scour ; such variations are 
nseful 

The Ufogj^vatues for m are given in paragraph 16. The values 
for sand and bajri, bajri and gravel, and gravel and boulders have 
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i>eeii ealeulated from obaervofiatm of tvelvo streams on the 
Indian N.-'W. Frcmtier, by equati<m (21). 

24. If it be’ assumed that the bed Will scour nnifbrmly, the xintempirio 
discharge at the detest part of the bed after scour will be the 
same as before soom. The resulting equation will give the soooa 
scour, whioh is the most &voutsble condition. 

If Vg be thb velocity after scour 

DVg=^DiV3 

and from equation (19), Vgsc m D’** 

Hence the minuunm depth of scour below water level (neglecting 


the afSiux) 


Dx=( 


D j Y«i 
m ^ 


( 22 ) 


■Or, substituting for m 


V 

D 


(equation 21) and thus cancelling 


■ out m 

D.-D(i)'’' (2S) 

If there be no limit to the discharge at the detest part of the Seoond em- 
bed, and the discharge increase with the scour so as to maintain 
the velomty Vg, from equation (20) the maximum depth of scour seonr. 
below water level (neglecting the afflux) 



^ ri / V, ) 1-56 .... (24) 

^ Vo ^ 

The first method is suitable for channels of uniform cross-section 
such as canals, in which the velocity is uniform over the cross- 
section, and in which any increasein velocity would normally 
■cause an uniform scour over the whole bed. 


The second method is suitable for rivers and streams where the 
section is not uniform and where there are main currents which 
scour channels in the bed. 


For the small increase in velocity due to a bridge the second 
metiiod is the more accurate, but for large increases in velocity 
the scour , uunore uniformly distributed over the section and the 
oemditions approach those suitable to the first method. . , 

. 1?he pmctieal method given below, whioh is a compromise promiaa 
bi^efip. the dbote, tw^ methods, is suitable for, gmeral use 
ImdgB caicuktitms, agt^ftmt with epilated 

' spsfejdstpJir reoqwhi- 


tioins 


noi 


f' 
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(i) F(tf. tsv«s»g9 sites, swterwsy slightly oontraeted, onmot- 
stcsight 


1-3 DV, 2-1 rV, 


<«r- 


. (26a) 


(ii) For bad ntee, waterway oontraeted, 

1-6 DV, 2-9 rV, 

Di = — iy or — ^ 


(25b) 


The larger value for D, to be adopted in each case. 

26. To allow for local scour and to provide a factor of safety,, 
the foundations should be taken to a depth below Maximum H. F. L. 
I greater than the calculated depth of maximum acour below 
Maximum H. F. L. 


Thus the depth of foundations below Maximum H. F. L. 

D, = li X Di (26) 

The depth below average bed level 

= HD,-d (27) 

' The foundations should be taken down to the depths so calcu- 
lated, unless rock or inerodible material is met at a lesser depth. 
In estimating, the calculated d(^th as above should be allowed 
for. 


As a general principle, the depth of the foundations must be 
such that they go well down into inerodible material, which is 
reached (failing rock being met) when the boulders met with are 
of a size definitely larger than that usually met in the bed of the 
stream, and the d^ths arrived at by theory must be applied 
accordingly in practice. 

26. As the d^ths to scour before and after obstruction are 
proportional to the velocities after and before obstruction (see 
equations), the depths to scour and to foundation can be roughly 
approximated as follows, where there are no data except the values 
0^ D and r at 0. H. F. 


1*1 X A| V, . .. t K\ 

Vjsa — 1 - (equation 16) 

es Bjj^roxiinately 1*1 X V] (disregarding the difiierencc 
bstw^ Ai «id A,) 


-%-)» 


X V (eqnatimi 9c) 


iDf X V (for a maswaia. diMh^rge 


3 


-1|Q) 
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[nsertiiig this in eqnationB (2da) and (26b), the following ap* 
proximate rules result 

(i) For average sites, waterway not contracted, current straight 

D^th to scour below average bed level «= I’O U or 

1-6 r (28a) 

Depth to foundations below average bed level => 1*6 

D or 2*6 r (29a) 

(ii) For bad sites, waterway contracted, diagonal currents 

Depth to scour below average bed level — 1*4 D or 

2*7 r (28b) 

Depth to foundations below average bed level — 2*1 

D or 4*0 T (29b) 

The larger of the two values to be used in all cases. 

These rules give results within about 5 per cent, of the calcu- 
lated results, in normal cases. 

See Example 1, Chapter VII. 

27. The clearance between the superstructure and 0. H. F. L. CJcanwce. 
should be sufficient to pass exceptional floods and to allow for 
some of the waterway silting up. 

The clearance required above 0. H. F. L. 

C»(-^)Sr-r (21) 

To allow for abnormal floods, etc., the minimum values for C 
should as a rule be not less than the following : — 


r 

0 to 12 ft. . 
12 to 18 ft. . 
18 ft. or over . 


C 
ir 
9 It. 
hr 


Subject to the above minimum values for C, the height of the 
piers and the level of the superstructure are of course decided by the 
governing levels of the road alignment on the banks, and in the 
case of a navigable stream additional headway must be given for 
traffic. 


CAUJUnATIONS FOB LOAD ON BbIDOES AND CuLVBRTS ON MbCHANI- 
OAL Tbansfobt and Cart Boads. 

28. The live loads for design should be based on the maximum Live Loads, 
probable loading in relation to the span, and not on the maximum 
possiblo. For exceptional cases it is permissible to increase the 
stresses by 26 per emit, or 30 pet cent. As the span Increases the 
probability of heavy loading over the whole span decreases. 

29. Impact varies with the span, and witii the speed of traffic Impaot. 
and the method of propulsion and is expressed ^proximately by 

the following formula, in which x « 1 for steam railroads, for 
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Load to be 
allowed for 
m floor 
•ystesi: 


IKbitribtttion 
of Concen- 
trated 
Loads. 


electric oars, | for motor lorries, etc., and ^ for road rollers, 

oro<rds and cattle. 

n = number of railway tracks, oi 

width of road m ft. , , 

- - lotroadb. 

20 

L 3= loaded length in feet. 

Imnact load - live load , 

^ nJi . SOO 

At speed's l<'ss than 3 to 10 miU>a per hour thcie js practically no 
impact, hciKc when dealing inth exceptional loiids due to ciowded 
vehicles,, people, oi «nimils, no imvact need be allowed. 

JPor Hmohcilv all the loads heie given lor design include an 
im}>act 8lh»w,in(*c, and no Imihcr ^lloirnnce need be made. 

30. The decking oi looming system should be desdgned to allow 
foi one 12 ton road lollci iiliis 23 per cent, impact, with the follow- 
ing dimcnsioiis and weights * 

Wheel base (distance betweiui centies 

of axles) 10 ft 

(iauge (distance bciween leai wheels) f( 

Width of tyros . . . 1-32 Ir. 

Load (including 23 pei cent, impact) 
on fronl a.\le . . . 6‘K7 t(,ns - 13,100 Jlis. 

Load (including 25 per cent, impact) 
on rear axle . . .10 tons -- 22,100 lbs. 

31. The following mles for the distribution of couccntiated 
loads in calculating stresses in slabs, striugci s. and floor beams are 
based on tests made m the United Bfcates (ace “ Design of Highw'ay 
Biidgcs” by Ivetchnn). 

These lules mav be applied to the design of bridge floors com- 
posed oi leinfoicisl concrete slabs, jack aiches, oi steel tionghing or 
aimilai const ruction, 

e = dlcctivc width of slab in feet (at right angles to its 
span) which resists the stresses due to the enucen- 
tiated load. (Extra tianai'erBC reinforcement is not 
uecessan’ to ensure this diatribution). 
e must not exceed * of the width of the slab. 

L = span of dab in tt. centre to centre of bcariugA 
c - width of tyre — 1*32' for a 12 ton Boiler. 

Tor oateipillars o width of track for longitudinal slabs, and a 
length plus width of track for cross dabs. 

Loads m longitudinal slabs (i.e., in the direction of the length 
•of the r()ad)*axe taken as oonceutcated, caterpillar loads as distri* 
buted along the track, and on cross slabs (t.e., across the road) 
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botb are taken as distributed over the width of the t>ie or track 
in the direction of the slab span in all cases. 

The moment per ft. width of slab — ^ 

For formula) for calculating bending moments M, see Plato XI. 

See Plate Xi and Table XIT. D)^t®dia«l 

For bending moment o — f (L + o)* with a maximum for e ® * 
of 5 ft. (gauge) for half the rear axle and halt the front axle loads ; 
for the wholecoad roller maximum e — 10 ft. 

For shear, for half axle loads e — 6 ft. : foi whole axle loads 6= 

10 ft. 

See Plate XI and Table XIII. Cro«Slabfc 

For bending moment e | (L -f- c)- with a maximum for e 
of 10 ft. (wheel base) for one asle load. 

For fkcar e is the same as tor moment, with a minimum of 5 
ft., and a maximum of ip ft. (wheel base) for one axle load. 

See Plate XI and Table XII. Kot*””** 

The axle loads are distributed on a line 10 ft. long (2 x gauge) Stiinger. 
along the axle. 

Hence for a stringer spacing up to 10 tt., the bending moment 
on one stringer 

(Bending moment from KoUer) x (Siiacing ot stringers in ft.) 

10 It. 

Outside stringers should be designed for the same moments as 
intermediate stringers. 

See Plate XI and Table Xlll. «»<>•• 

Axle l<»ads are distributed on a line 10 It long (2 x gauge) 
along the axle, and 5 ft. long at right angles to tJio axle. 

Hence for floor beams at 5 ft. apait oi le^s, iJie disnibuted 
load pel foot of span 

(Maximum axle load) (l:^])acing of floor beu^as in it.) 

- - _x 

and for floor beama more than 5 fl. apart the cbMtnln.ted load per 

. , Maximum reaction on floor l;eam 

foot of H])an = - e. 


Timber Floors. 


TmcxKCSs or Flooh fob ]2tox 

R0A1> BULLEB. 


Spacing o! etringers ou groups of 

12' 

16' 

ir 

21' 

24' 

27' 

80' 

1 

1 

33' 

36' 

stringers. 










Thickness for 12^ Flanks 

2^ 

aj' 

t 

3' 

1 

sr 

sr 

4' 

4|' 

4!' 

41' 

Thickness tor 8* Planks 

211 r 


41 

41* 

6' 

61* 

fir 

6' 
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Axle loads ate disfedibuted on a line 8 ffc. long (1*6 x gauge) 
along the axle. 

Hence the bending moment on one stringer 

(Bending moment from Boiler) x (Spacing of stringers in ft.) 
« __ 


If the stringers are in groups, the spacing is the distance centre 
to centre of each group, and the above is the moment on each group. 
atwju,m ^ Concentrated loads are feirly well distributed in girders and 

and trusses, and in arch ribs or rings by the ngidily of the floor system 
in the case of open spandrel arches, or by the earth filling in the 
case of filled spandrel arches. Hence an equivalent uniform load 
of w lbs. per square foot of road surface may be used without 
appreciable error, to simplify deagn. 

(Moment for Roller) ^ ^ 

Up to SO ft. span w =- .2 — X 8 Iba square feet. 

Over 50 ft. span w gradually decreases to 70 lbs. sq. ft. 

The following uniform loads per square foot of road surface 
should be allow^ for in the design of Girders, Trusses, and Arch 
Bings or Bibs. (These loads include impact allowance.) 



GiiOob 

«fid 

Tmaes. 

Aioh 
King! or 
KIbi 

Span. 

Girden 

tad 

TruHOB. 

Anh 

Spaa. 

Girden 

and 

TriuMB. 

Ardi 
Blum 
or bum. 

ft. 

Ibs./li4. ft. 

lbB./8q. ft 

ft. 

lbii./Bq. ft. 

lbs /sq.ft. 

ft. 

IbB./sq.ft. 

lbB./sq.ft. 

10 

460 

460 

45 

140 

190 

120 

96 

180 

16 

800 

420 

60 

180 

180 

140 

90 

126 

SO 

S40 

840 

60 

180 

170 

160 

86 

120 

£6 

810 

800 

70 

116 

160 

180 

80 

110 

90 

190 

270 

80 

110 

165 

r 

200 

76 

105 

85 

170 

840 

90 

106 

146 ] 

over 

200 

1 70 

J 

100 

40 

160 

210 

100 

100 

140 

•• 


- 


For intermediate spans loads should be proportionately in* 
terpolated. The loads given for arches are about 40 per cent, 
greater than for Trusses, as partial loading gives the maximum 
stresses. 

32. Plate XI gives the loading for a 12*ton road roller, as 
described nbwe, and the methods of calculating maximum mo- 
ments and reactions. 

Tables XII, Xni and XIV give tabulated results, for practical 
use, of the moments in longitudinal and cross slabs, stringers, 
and longitudinal girders, and of the reactions on piers and floor 
beams, together with particulars of corresponding calculated thick* 
nesses of reinlorowl concrete slab decking, and dimcuisions and 
spacing of reinforcement bars. 
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Table Xll. 

Oolomn 2 is caloulsted according to the formulae on Plate XI. 

Columns 3 and 4 are obvious, i.e., column 2 divided by 2 and 
101 respectivdy. 

Columns 5 and 6 are the section modulus Z— I/y per foot of 
width between centres of stringers sufficient to t«^e the roller 
and the dead load. 

For stringers, t.e., longitudinal lolled sted joists at 3 ft. centres 
multiply by 3 ; at 4 ft. centres multiply by 4. 

Column 7 gives efiective tridth of slab to carry a concentrated 
load. 

Column 8 is column 3 divided by column 7. 

Columns 9 to 12 are the total thickness of slab necessary to 
i»ke the roller and the dead lead. 

ErampU. 

18' span centre to centre of bearings, rolled steel joists 3 ft* 
«psrt. 

Wearing surface 70 lbs. /s(£ ft. 

Z required=ll*61x3=34'8.3. 

12' X 5* @ 32 lbs rolled steel joists, for which Z=».86*66, will 
•do. 


Table XIII, 

Column 2 is calculated according to the formulae on Plate XI. 

Column 3 — effective width of slab to carry a concentrated 
load is 2/3 (span plus width of tyre 1*32'), maximum 10 ft. 

Column 10 is the maximum reaction for live load for various 
spans calculated according to the formulae on Plate XI. 

Column 12 is the live load per foot of floor beam (transverse 
•or cross girder at right angles to centre line of road) span for various 
■spooings of floor beams. 


Table XIV. 

Example. — 12' clear epan between piers metalled, qpan centre 
to centre of bearings about 13 feet. ]^om Table XII, column 11, 
« 12}* slab is required, and from Table XIV for this thickness 
tue I* bars at 5}* centres placed 1}* above the underside of the 
dab. 

If there Were a series of continuous q>ans, the end ipons would 
'be half continuous and the average of columns 11 and 12, Table 
2EJJ, is 11|* say a 11}' slab. From Table XIV nse }' bars at 
<6|' oentrw fer 11 |' thideness. • 

Plate XXXV j^es the position of the bends in the bars. 
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33. Wind loadu on triia&M Bhould be token as follows : — 

(i) A liorizontal load on the loaded chord of 300 lbs. pev 

Uueal foot. 

(ii) A horizontal load on the unloaded chord of 150 lbs. per 

lineal foot. 

Both should be treated as moving loads, and no impact should be 
added. 

34. Floor Ayntemb, girdeis, trusbes, and arche^ designed for 
thebe concentrated and uniform loads 'ftill safely carry the traffic 
derailed below. 

These particulars are based upon tables given in the “ Memo- 
randum on Road Bridges ” published by the War Office in 1918. 
Refei‘ence should be made to these or similar later official tables 
in r^ard to other vehicles not mentioned hereunder, and the list 
should be kq)t up to date. 


Noitnal. 

Two 12-ton road rolleis abi(*a'-t, oi in file at 30 It. clcai in- 
teri'alb. 

IT) ton cateipiller troctois at 30 ft. cleai inten als. 

A double line of 3-1 on mol 01 lollies at a check. (8 tom loaded). 

All maicliing foimations of cavalry, field artilleiy, iufaiitiy, 
camel, mule, and arnn tiaicpoit, passing himilai foimalloub on 
the biidgc. 

All ciowds of pedestiians and cattle, ]iack animals, and carts. 

Am linin of loads in which no ash* load e.\cccd 8 tons nor 
caterpilloi axle load 12 tons, and in \\-hich the load ]<er aq. ft. 
total load in lbb.xl’2.> lor iinjiact 
" ~ JO' X (length of traui4 K*') 
does not exceed that given in the table for a span (“qiial to the 
length of the tiain-j 10'. 


Emergency. 

Bridges designed as above will also take the following loads 
at safe stresses with restrictions, i.c., sjieed 4 miles per hoin*. load 
on centre of road, and no other load alongside :~ 

18 ton Whippet Tanks at 25 ft. clear intervals. 

Id-ton W^heel Tractors at 25 ft. clear inter^'als. 

8* Howitzer hauled by 11-ton caterpillar, subject to the 
floor stress being increased by 0 per cent. 

6^ B. L. Oun, Mark VII, hauled by 16-ton Tractor, subject 
toj^e floor stress bong increased by 26 per cent. 

12* iTowitzec hauled in two trains by Id-ton caterpillars, 
trains at 60' clear interval. 
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9’2* Howitzer hauled by 11 tou caterpillar. 

6* Guu Mark XTX hauled by 1 1-ton caterpillar. 

Any tram of loads in which no a.\le load exceeds 12 tons 
nor cateipillar axle load 18 tons, and in which the load 
per sijnare foot 

total load in lbs. 

yf zss — — — 

width of road X (length of tram-flO'). 

does not exceed that given in the table for a q>an equal 
to the length of the trains- 10'. 

N.B. —These biidges will i>o( take 30-ton Tanks. 


•Caloulaiions foe Load ox Beidgbs and culverts on pack 
TBAN bPORT Roads. 

35. Bridges and culverts on pack transfiort loads should be 
calculated to take equestrians, pedestrians, and pack auunals 
(or cavahy, i ufantry, and transjiort mules and camels), crowded 

,30. The inaMinum concentrated load from cavaliv in maiching l<o»ds to bo 
order is about h'iO lbs, on the fore feet, which on a 3 It. width x t 
ft between fore and hind legs gives an equivalent uniform distribu- 
tion load lor bending moment of 110 lbs /sq. ft. TVdnsjiort Mules 
and Camels give smaller concentiated loads. Infantry in four 
at a check give a load of about 100 lbs / sq. ft. on an 8 ft. width 

As it would be wastetul to design throughout tor 110 lbs. 
per S(]URTe foot, which would not be in accordance with probabi- 
lities, the load bhould be reduced to .'30 lbs, per sq, ft for 100 ft. 
spans and over. 

Also as the above maximum loads aie only possible when 
the traffic is crowded and stationary, no allowance need be made 
for impact. 

For the dedgn of all doois, beams, girders, and trusses the follow- 
ing live loads should be taken 

SpMlBfCet 1 5 10 16 so 2S 30 SS 40 4} so «0 80 100 

ud 

over 

Iioad in Ibfi /m ft. , 150 140 130 180 110 100 90 80 75 70 65 60 55 50 

For intermediate spans proportionate loads should be inter* 
polated. 

37. If in a bridge the qians of the various parts were Bnuaplet. 
as follows 

Floor slabs 6 ft. span. Stringers or floorbeams 10' span, and 
Span of girders or trusses 60 ft. 

these mmbers would be designed respectively for 140, 130, and 
60 lbs. reeq»eotively, per square foot of the roadway area carried 
by thent 
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CHAPTER VI. 


Bridget and culvertt— types and constructional 
details. 

Introductory— Type Dosignt and Privortiono for Culverta, Arches., 
Abutments, and PioTs— Normal Typos of Flat Bridge l^ans 
up to 50’— Trestle Pile Bridges and Overflow Bridges— Plate 
iSider and Truss Bridges— Reinforced Concrete Ardi Bridges 
—Reinforced Concrete Bowstrfog Bridgee— Suspension Bridg- 
es— Light Bridges on Padk Transport Roads— Boat Bridges— 
Bridge Defences— Miscellaneous Bridge Details and Specifi>~ 
cations— Open Bridge Foundations— Well Foundations and 
Well Sinking— Piles and Pile Driving. 


TKTBOliUCTOBT. 

1. Type deHignfl, affording all infonuation nooessaiy for the 
preparation of worldng drawings, arc givm in the appended Plates. 
These designs must be thoroughly studied to ensure that every 
point and detail is attended to. 

Bough comparative estimates of cost to ascertain which type- 
is the best, having r^ard to economy combined with practical 
considerations, can, in most cases, be made direct from these 
designs. 

Details are given as a rule for 18', 15', and 10' roadways. 


Tybe Designs and Pboi*oetion8 bob Culvebts, Abches, 
Abutments, and Piebs. 

2. General constructional details for culverts (distance between, 
abutments not exceeding 12 feet) are shown on Plato XV. 

The principles of the use of culverts are given in the General* 
Specifications (CSiapter IT). 

Culverts are spans in which the distance between faces of abut- 
ments does not exceed 12 feet. 

For economy culverts should ordinarily never consist of more- 
than one t^an. It is never cheaper to m^e 2 spans of a culvert 
except in the case of pipe culverts. 

The gradient of culverts should be as great as possible. 

Wdb al^the inlet and outlet may be neoessai^ in hiU seetianB. 

Culverts may be of the following types :— Corrugated iroUj,. 
eAst iron, oonerete, or reinforced oooerece pipes, or arehed, Btone- 
dab, or teinforoed oooorete slab. * ^ 
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Pipe or slab oalvetts will usually be the cheapest for spans 
onder 6 feet. In pipe culverts, which should extend across 
the formation width, a straight faced wall can generally be given 
instead of wings, end sometimes wings may be omitted in any 
case. 

Calvert qpening should be low and wide ; this shape reduces 
the scour apd also the cost of the end wing walls, and prevents 
undesirable humps in the road, which must be avoided. 

Generally it is cheaper to pave the floor in inverted arch form 
than to take the foundations below scour. 

End cut off walls should be provided, and where a culvert 
is located in an erodible bank, .certain walls may also be necessary 
to prevent the water outflanking tlie culvert. 

.3. Proportions of arch bridge and culvert spans are given in RtMor^s 
H*l» XVI. • 

These are suitable for spans from 0 feet upwards. Thejsrrange- Culvert#.'* 
ment of abutments and wing walls is given in Plate XVJT. 

The proportions of wing walls are explained in Chapter IV 
(Retaining Walls) and shown in Plate VI. 

The economic span for a series of arched spans- 2 H., where 
H==the distance between the foundations and the crown of the 
arch. (See Chapter V.) 

The shape of the piers in arch bridges and culverts should 
conform to the shapes shown in Plate XVJll, subject to the thick- 
ness necessary for arches shown in Plate XVI. 

The equations given for finding the preportions of arches and 
their abutments are Trautwine’s rules (see Trautwine’s Civil 
Engineer's Pocket Book) for spans of 2 feet to lj>0 feet. 

These arches are safe for all military loads. The abutments 
can safely carry the arch ting before being backfilled, hut it is 
preferable to baokfill up to the springing before striking the centres. 

The Table on Plato XVI gives the main dimensions for 2 ft. 
to 50 ft. B)>ans, including the approximate load on the founda- 
tions per foot width of arch ring, foi a road surface 1 ft. 6 in, 
above the crown of the arch and for Height -^Span. If the fill is 
more, the excess should be added to the table values. If the 
height is less than the i^t.n the excess weight of the masonry 
should be deducted (see example 8, Chapter VII). 

Abutment type piers should be given at every 5th pier, and 
arranged Sjrmmetrically about the centre of the bridge. They 
should have a width at the springing of E (see Abutment Formula, 

Plate XVI), and be battered tm both ddes at 1 in n. 

The thickness of a masonry spandrel wall at its base should 
be equal to half its depth below the road surface. 

It is essential that idle foundaiaons of arch bridges dudl be 
indubitably rigid and wund (see also para. 23). 
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For the special econoniic rules for arch ^ans, see Chapter Y, 
paras. 7 and 8. 

An example of a masonry arch bridge is given in C9iapter Yll 
(Example if). 

Bainfoned The theory and design of reinfoived conen'te arch bridges are 
Aro^ridgea paraa 22 to 37, the method (lescribed wherein 

is also applicable with suitable modifications, to masonry and 
unrMnforced concrete arches. . 


PtopoTtions 
of Abatmcntt 
for flat dock 
bridges and 
ealverts. 


4. Proportions of abutments (except for arch q>anK) are shown 
in Plate XV'II. 

l*roportious of Aving walls are shoam in Plate VI. 

The dimensions of the base and toe are given as a ]>ro}>oi1ion 
of the height. At ground level the .too should be projected and 
the heel continued verticallv as shown, 'rhis increases the stabi- 


lity of, the abutment and reduces the ]>ressure on the foundation 
at the toe. The heel should not be projected as this increases 
the toe inressures. On bad foundation material the toe should 


bo projected further and the toe pressures worked out as in the 
example in Chapter IV. The heel should never be projected at> 


this increases the toe pressures. 


In types I and II (see Plato XVII) the spaces betAveen beams 
are filled with masonry to bold the filling behind the abutment ; 
in types III and lY a small wall on the top of the truss seat is 
provided for this purpose. 


An»iigement 5. The arrangement of abutments and wing walls for all tvpes 
f^pans is shown in Plate XVII. 

Walls fw all lu bridges and culverts subject to floods 45° wing walls «bould 
typ**- be used. Retiimed wii^? walls may be used where the bank is 
above flood water level, but it is cheaper to sto}) the wall at the 
top of the bank and allow the fill to spill around the abutment. 
Dnvingaof 6. In the design of abutments and wing walls, the general 
layout of which is given on Plate XVTI, the following points must 
•ralla. ^ be attended to. 

Having schemed out the sections of the abutment and the W'ing 
walls, the abutment and wing walls must be designed so that they 
will fit simply together. For this purpose it is best to take a clean 
dividing line parallel to the centre lino of the roadway, at a dis- 
tance from it of half the overall width of the bridge, or half the 
overall outside width of the masonry parapets, depending on the 
general aiTangement. If in doubt both arrangements should bs 
^wtt out, to see which is better. The wing wall face batter 
(as projected on the above dividii^ line) should then be drawn 
on ^e abutment section, making this batter line intersect the 
abutment lace near the ground levd, or at the face of the baDast 
wall and bridgH seat, whichever is more auitable. B^ow the 
ground tiie li^efl of both abutment and wing wall must emn- 



BRIDGES AND CULVERTS— TYPES, ETC. 


67 


cido, and the Rectioiis must be modified accordingly. This de- 
termines the &ces of both abutments and Mring walls, and the jdan 
should be drawn out accordingly. 

The general scheme as shovm on Plate XVII should be U8(‘d 
AS a guide. It is not possible to give every individual case which 
may occui in practice, but the above rules are correct for all cases. 

A scale of I inch— 1 foot should be used for truss bridge abut- 
ments, as drawings on larger scales are of unworkable size. 

7. Projlortions for piers for flat deck bridge and eulvert spans pien. 
are shown in Plate XVIII. The prc^ortions are based -on the 
height of the piers. Three tj-pes are show'n, tis .: — 

Ty 2 )e I For slab, rolled steel joist, and reinfoiced con- 
crete beam spans, up to 40 or 50 feet. 

Tj’jjes II and III For truss spans, and for all 8])ans over 
40 or 50 feet. 

All three tyj>es have the same stability. 

In aU cases the top thickness t must not be less tliaii the value 
indicated, wliich is a minimum. In high battered piers t wall 
depend upon the minimum proi)ortioir8 given in the diagrams 
for the thickness above the foundations T. 

The cut watcis shown give the minimum resistance to the 
stream, combined with (•conomy of matciial and simplicit} in 
construction. The cut wniei shaj)c must be canied down to the 
base. Half loiiud oj 45® tiiangidai ends are not much better 
than square eud^, and give excesshe scour along the sides and 
beyond the tail of the pier. 

The alternative design I — A is very wonomical lot small spans 
of tioughing or of reinfoiced concrete slabs, gitnng a saving of 
40 per tent, in the pier masonry. 

As piers ot cement eoucrete or cement masoniy will be of li*ss 
thioknos.*, thej' may be more economical than lime masoniy piers, 
where mateiials and labour are expensive. In all exceed small 
bridges, and including jiarticulaiiy bridges acioss perennial 
streams, the specification for piers and almtments should ordi- 
naril} be a cement concrete core with stone (or brick) masonry 
in cement skin up to Nala bed level, and biick or stone masonry 
in cement above. 

For spans under 50 ft. reinforced concrete piers may be used, 
of § the thickness of concrete piers and reinforced with 25 ])eT cent, 
of vertical steel in each vortical face. 

8. The' top thickness of piers and abutments dqiends finally Pier sad 
on the size of the sup^^rstructure bearings. In the case of truss 

bridges, the minimum thickness given on Plate XVIII will be tute.SMtlngi. 
exceeded in certain cases, secording to the size of the bearings 
of the trasses to be used, to suit which the piers and abutments 
must be designed. 
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Tmss beatings should bo compactly designed to take the 
appropriate working stresses in ^e truss members concerned, 
consistently with distributing the load over a sufficient area on 
the piers and abutments, and with minimizing the resultant width 
of the piers as much as possible, in order to save expense in masonry 
and foundations, and to avoid uimooessaiy waterway restriction. 

When old railway bridge girders, which may have extrava* 
gantly large bearings, are used (as is frequently the practice 
on Indian N. W. Frontier bridges), the above* mentioned 
desiderata are not always complied with, and undul;^ wide piers 
result. In such instances the girder bearings should be 
remodelled and reduced whenever economically possible. 

In efficiently designed road bridge truss bearings the bed 
plates should be approximately square in ]>lan, with the shorter 
dimension in the direction of the ifpan. 

The clearance between trusses should be about 3} inches 
per 100 feet length of span, with a minimum of 4 inches for 80 
foot q>ans. The distance from the edge of the bearing to the 
size of the pier or abutment should be about 8 inches for 100 foot 
spans. 

The coping or seating on abutments and piers must be of first 
class work in 1:2 ‘4 cement concrete. In spans over 160 feet in 
length the coping may require reinforcement. The top projecting 
edge should be chamfered. 

9. Care must be taken that the bujierstruotuie can expand 
and contract without injuring the spans, abutments, piers, para- 
pets, kerbs, or haudiails. 

In all slab, beam, and truss spans, provision must be allowed 
for an expansion of 1 inch ]>er 100 feet of s[)an. Expansum joints 
in bridge decking or floors are shown on Plate XXII ; th<y ai c 
shou'n for the difiorent types of bridge spans on the plates con- 
cerned. 

Care must always be taken that the bearing and seating sur- 
faces are smooth, to prevoit binding or interloping. Tar paper 
or felt expansion sheets are sometimes used in addition between 
the span bearing and the abutment or pier searings to ensure 
that binding does not occur. 

NoBMAL types op plat BRIUOE SPANS UP TO 60'. 

• 

10. Constructional details for rolled steel joist spans uith 
toafocced concrete flooring are shown on Plate XIX. 

This type is suitable for 12 ft. to 50 ft. spAis. 

The amugemeut of joUts shown allows of simple rrinfozottnent 
details foP the floor slabs. The use of fewer joists at larger in- 
terrida afloidlPbat little saviog in thrir weigP and coDsequant 
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cost, and necessitateB the slabbing being reinforced for conti- 
nuity. 

Details for abutments, piers, and wing walls, are given in Plates 
VI, XVII and XVm. 


An example of this type is given in Chapter VII (Example 

6 ). 


11. Constructional details for steel troughing spans are shown Steel tiongh*^ 


on Plate XXI. 


ing^pan. i,,:: 


This type is suitable for 2 ft. to 22 ft. spans. 

The economic span for a scries of spans— 1 2 ft. (see Chapter 


V— Economic Spans). 

The prp})ertie8 of steel troughing are given in Table XX. Steel 
troughing is a simple but expensive bridging material. Hein- 
forced concrete decking is much cheaper, and shoidd bo used in 


preference when possible. 

The wieght of troughing varies eJiiefly ac.cording to Wie thiok- 
ness of the plate, and very little with respect to its depth. But 
as the strength varies directly as the depth, the most economical 
sections are those of the greatest depth for a given plate thick- 
ness, e.g. and 16* xi*, ,V i** general 

use 6J*x ,*,*, and 10* or 12* x I* sections are the most suitable, 
and will take spans of 2 to 25 feet. The minimum suitable sec- 
tions are, of course, shown in the design. 

Troughing qians longer than 22 ft. may be built of longitudinal 
troughing filled with 1:2:4 cement concrete reinforced by bars 
in the bottom of the troughing. The strength would be the 
strength of the troughing plwf that of the reinforced concrete 
slab. 


An example of this ty^ie is given in Chapter VI (Example 3). 

12. Constructional details for rolled steel joists spans with Rolled steel/ 

trough flooring are shown on Plate XXI. wltti h- 

This type is suitable for 12 ft. to 26 ft. tpans. It is intended log floor. ° * 
for use when only small troughing sections are available but is 
uneconomical, and cither of the two preceding types should be 
lued, in preference. 

13. Each JK. S. Joist should be ordered to the full length in Rolled Steel 
one piece for each span. Joists arc usually stocked up to 40 ft. ****** 
lentghs. 

Splices jshould be avoided if posable but one per span may 
be allowed in each B. S. Joist if thoroughly well made and riveted. 

Where spliceB have to be used, each span length of joist should 
consist of the maximum length procurable, a Aort length 
to complete the epan. 

In the case of a senes of spans, joists of the mariniHm 
length eon be spliced together^ and run oantimumsly ova the 
piers, up to 100 ft. total length. 
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In all cases i^lices in adjoining joists mnst be staggered at a 
distance apart =snot less tban one quarter of the quin. 

The splice will decrease the sectimi modulus of each joist by 
about 10 pet cent, but this need not be allowed for, as a splice 
should never occur at the centre of the epan. 

Alices must be made to give one inch of camber, and the ends 
of the joists must bo cut and butted truly accordingly. . 

The arrangement of a splice is shown on Plate !^X., 

An example of a B. S. Joist splice is given in Chapter Yll 
(Example 7). 

14. Constructional details for reinforced concrete slab spans 
are shown on Plate XXII. 

This type is suitable for 2 ft. to 1$ ft. spans. 

The economic span for a series of spans =1J H (See Chapter 

V). 

For small culverts, spans can be made of premoulded slabs, 
of a suitable size and weight for the type of trani^ort available. 
The width of each slab should be a multiple of the main bar spac- 
ing. The slabs should be mould sd with a joint as shown, 
and grouped in position. In moulding, the tops of the slabs 
must be distinctly labelled. 

Details for abutments, piers, and wing walls are given on 
Plates ^1, XYII and XVIIl. An example of this type is given 
in Chapter VII (Example 2). 

15. Constructional details for reinforced concrete beam i^ans 
are shown on Plate XXIIl. 

This t 3 rpe is suitable for 15 ft. to 50 ft. spans. 

The economic span for a series of ^ans=rl| H (See Chapter 

Details for rrinforced concrete beams are given in Table XXIV. 

The 3 beam arrangement shown is the most economical in 
material and form work, and gives simplicity in the floor slab 
and beam reinforcement. 

All steel reinforcement must be ordered to smtable lengths 
and not by weight or lineal feet. Splices in beam bars may be 
allowed if staggered, the two ends being hooked and inter-locked, 
and wired to a tight bearing on each other. For a series of qpans 
the beams may be made continuous, the continuous reinforce- 
ment over the piers being arranged as for stabs (See Chapter V, 
and Plate XI and Table XII). 

End spans, being senu-continuous, may be reduced to 9/10 
the deptii or 9/10 the steel reinforcement given in Table XXIV, 
and intermediite iq>ans may be reduced to 8/10 the depth or to 
8/iO the steel^rtinforcement given in the table. 

Details for abutments, j^ers, and wing wdls are given on Plates 

VI, xvn RBd xvm. 
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Examples of this type are given in Chapter YII (Examples 
4 and 0). 

TbestiiBs fils bbidqkh and overflow bridges. 

16. Trestle pile bridges are Suitable where piles can be driven. Trestle Pile 
and a headway not greater than 20 feet above the river bed is ®**4gee. < 
required, ahd are cheaper than other t 3 rpes if the necessary super- 
vision, skiHed labour, and plant are available. 

They have the special advantage, apart from cheapness, of 
not obstructing the waterway. Subject to the conditions men- 
tioned above they are suitable for low crossings over torrential 
nala streams in the hills, with beds of gravel and small boulders, 
where the current varies from a trickling stream, or nothing 
at all, to a torrent from 4 to 6 feet high, which arrives at short 
notice and ceases after a few hours. In such rases adequate 
pr<)toction against the boulders which the spates bring down 
must be provided above the trestles. A suitable method is to 
securely affix boulder crates upstream of the trestles, and also 
sometimes to provide guard piles, which may themselves be si- 
milarly strengthened. 

The superstructure may be of reinforced concrete slabs or steel 
troughing on rolled steel joists, or reinforced concrete beams and 
decking according to matciials available and individual practical 
considerations, having regard also to the suitability of the type 
selected for the length of span, which is limiced by the strength 
of the piles and trestle considered in conjunction with the load 
which the bridge has to carry. 

The ])iles mar be of steel or reinforced concrete. 

A homogeneous leinforcod concrete structure is the ideal. 

Timber pile bridges have been known to stand tor many years, 
but they are not si^ciontly permanent for ordinary use as per- 
manent bridges. 

17. Constructional details for reinforced concrete trestle spans tteinforosd 
are given in Plate XXV. Proportions of ranforced concrete 

piles are given in the table on Plate XVIIl. Bridget. 

This type is suitable for 12 ft. to 20 ft. spans (15' maximum 
when slabs only ate used for the superatraotuie). 

The economic span ias a series of spans in a pile bridge=a 
} H for concrete slab decking, or U for flooring and beams (see 
Chapter V). For masonry (or concrete) piers, which may have 
to be used where piles cannot be driven, and in which term abut- 
ments &re inolnd^ as these may be of masonry or concrete, the 
eoonomio spanali H for slab decking, or If H for flooring and 
beams. 
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In a series of spans the reinfoiced concrete floor slab, if osed, 
mi^ be made oontinaous, and rrinforced over the piers as for 
continttous slabs (See Chapter V, and Plate XI and Table XII). 

For end spans the average of columns 9 and 11 or 10 and 12 
on Table XII should be taken, for intermediate spans columns 
10 at 12. , 

18. A pile “ bent ” is a transverse line of columns or piles 
supporting a bridge ; a “ tower ” is two or more hrats braced 
tether. 

In gravel and boulder beds reinforced concrete piles riiould be 
moulded with steel shoos. Beinforoed concrete piles should be 
cured for not less than 30 days, and should be supported at the 
quarter points when lifted or moved ; they should be designed for 
(dtese latter conditions. , 

Files must be driven below bed level to a depth not less than 
twice the maximum dejith at Observed High Flood, ordinarily 
subject to a minimum of 10 feet. Their projecrion above the 
bed shoifld not be greater than the buried depth. 

If an outcrop of lock or very hard material, into which the 
piles will not sink, is met at a i'>sser depth than 10 feet, it will 
usually be necessary to use thin masoniy (or concrete) piers. 

The methods of driMng piles and calculating the safe loads 
on piles are given in paias 62-66. 

For Temforced concrete tiestle pile bridges, the safe loads 
on the piles as so caloulat<ri in each case must not exceed the loads 
indicated on Plate XXV. If necessary the number of piles in 
each bent must be increased until calculations based upon the 
pile driving results show that they will carry the biidge load. 

19. 'When masonry or concrete ])iers and abutments are used, 
their shape, etc., should conform to the oidinarv standards given 
in Plates VI, XVll and XVIII, subject to the following 


Top thickness of piers, in lime masoniy =1'-}- 


Ditto, in masonry in cement or cement cmicrete =|'+5^ 
Ditto, in rrinfozeed concrete, which should have 26 per 


cent, steel reinforcement in each face=sii'-f- 


q>an 

40 


The piers should be stepped out below bed level so that the 
tiddmesB of a pier is never less than— 


h/4j| for lime masonry piers. 
b/0 for masoaty in cement or cement concrete piers. 
h/9 for xeinfbiced concrete piers 

when h is depth below the saperstmotnre slab beaiiQg''or the 
ttqp <4 tbe superstructure beams. 
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'The depth of the piers below average bed level should generally 
%e l*6xinazimam depth or 2<5xaverage depth at observed high 
4lood, whichever is greater (see ealculalaons for scour and founda- 
tions of bridges, Chester V). The width of 1h« piers at founda- 
tion level should generally be about 1/3 of their total height. 

The shore ^ans may be supported on ordinary masonry or 
concrete abutments, or upon pile bents filled in with masonry 
or concrete, walling. 

20. Ovegrflow Bridges are low bridges, with the superstructure Oywflow 
at a low levd, so that the normal flow or a small flood passes ®**^***' 
through the bridge, and a larger flood over the roadway. They 
are provided in conjunction with causeways, across the deepest 
channels in the river bod, causeways being given to link th^ up 
with the banks. . 

Overflow bridges are suitable for use across straggling nalas* 
in lieu of causeways, where traffic would be unduly interrupted 
across an ordinary causeway crossing, and complete bridging above 
Bood level would be unduly expensive. They are not suitable 

(i) Across streams subject to floods of long duration or high 

velocity, or exceeding about C feet in depth. 

(ii) Where the floods bring down large boulders or logs, etc. 

(iii) In heavily siting river beds. 

In cases where piles can be driven, the comparative cost of a 
trestle pile biidge above flood level from bank to bank, and of 
an overflow bridge cum causeways, should be worked out before 
it is decided to provide the latter. 

Overflow bridges should be oonstnicted similarly to trestle 
pile bridges, with the following special differences : — 

The clearance between the lowest part of the nala bed and the 
auperstructure should be that necessary to take an ordinary flood 
anbject to a minimum of 3 feet. The ends ot the bridge may be 
fdoped up at a slope of 1 in 14 to a rise of 2 or 3 feet, giving a larger 
clearance (6' to 6') in the centre. In this case the changes of 
dope diould be eased off as laid down for causeways (See Chapter 

vni). 

The roadway should have a cross dope of about 1 in 30 down- 
stream. 

The flooring should oondst of reinforced concrete slabbing, 
without any coveting, except a top dressing of asphaltic cotr> 
erete (See para. 47). Beams should not be used, as they thicken 
the superstructure and increase the obstruction. 

HandrailB and kerbs, where necessary, dionld be of minimum 
dimendons, to afford tibe least posdble obsbraetion to the flow, 

mast be well fixed to the bridge. 
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Where masonry (or concrete) piers are nsed (on beds, or pot' 
tions thereof, where piles cannot be driven) thqr must not bo 
built of lime masoniyr. 

The maximum span is 15 feet {vide para. 13). 

The economic span for a series of spanssf H using pile bents, 
or using masonry piers. 

End i^ans of overflow bridges across midstream channels, 
adjoining causeways, should be supported on end cross- walls 
terminating the causeways, of depth equal to pier foundation 
depths, and stepped into the causeway drop walls or vice versd. 

Constructional details for overflow bridge spans are given in. 
Plate XXV and Table XXVI. 

Plats girdeb akd truss briuors. 

21. Plate girders are suitable lor 4U ft. to 60 ft. spans. 

Trasses are suitable for 60 ft. to 400 ft. ^ans. 

Thesp s 2 jans may be of the deck tyjje with the girders or tiusses 
under the loadway, or of the trough ty]»e with the roadway be- 
tw'een the girders or trusses. The deck t>'pe is generally the 
cheaper. 

For an 18 ft. roadway, deck tyjje, the girders or tiusses sliould 
be at 13 ft. centres, the roadway being cantilei'orod out on the 
ovmhanglng floor beams. The distance between the tnis-ies 
centre to centre, should be about | the overall width of the deck. 

In the through tjpe the distence between the trusses is of 
course governed by the clear width of the loadvray ^us kerbs. 
The juiuciples governing the design of truss bearings, and the 
consequent pier and abutment widths and searings, are given in 
para. 8, and the necessary allow'ances for expansion are referred 
to in paias. 8 and 9. 

Constructional details for abutments, wing walls, and piers 
are given in Plates VI, XVII and XVIII, and bhe relevant pre- 
ceding paragra]ths of this Chapter. 

TUs t}'pe of bridge is that commonly used for large major 
bridges on Militaiy Frontier roads in India, largriy on account 
of the fact that old railway girders can be obtained at compara- 
tivelv small cost and rrmodelled for use as load (pans. 

The flooring may consist of - 

(i) rrinforced concrete dabs on reinforced concrete beams 

or rolled steel joists or rails, or 

(ii) steel troughing on rolled steel joists, or 

(iii) steel troughing alone, earned on the plate girders or 
trusses. 

In the osae of plate girder epons, when flooring eystem (i) it 
emplQyed, lAn floor beams should be ipaced 6' to 10' apart, with 
a Im^tadinal sltdi of suitable stren^ ipanning between tho 
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4)cam8, no stringers bring required. When steel troogbing is used 
under i^stem (ii). the floor joists should be spaced at the maximum 
span for the troughing. 

In the case of truss spans, under sj'stems (i) and (ii), the floor 
beams or joists should be placed at the panel points, the pro- 
portions of the decking bring derigned accordingly for the load, 
and stringers inay be necessary for sy stem (i)- It is not economical 
or good en^neenng practice to apply the load elsewhere than at 
the panel points on the truss ; if in any ease this has to be done 
(as under lystem (iii)), the chord must be designed for the bending 
moment and direct stress, or in the case of old girders it must be 
vetifled that the stress can be borne by the chord (old railway 
girders such as are used in such cases will usually be of ample 
strength). 

Except where the old girders are extenipoiized for the purpose, 
for efiScient design not more than two plate girders or two trusses 
Bho>ild be used per span. 

EamFOBCED conckkte akch bridges. 

22. Reinforced concrete arched bridges constitute an important 

development of reinforced concrete construction. Aroh 

The theory and principles gor'erning their design and con- 
stniction are here explained, and practical examples of two types 
of such bridges, ris., with 100 ft. ojren ^andrel arch sjians and 
with 100 ft. filled spandrel arch siiaus, are worked out in Chaiiter 
VII, constructional details and type designs bring shmrn in 
Plates XXVIII and XXIX 

The terms apjilied to the various parts of an arch, together 
with constructional proiiortions and stress formulae according 
to the method here described, are shown in Plate XXVII. 

23. In all arch bridges, the arches in which depend for their Kers and 
proper action upon horizontal and vertical resistance •without 
settlement, rigidity of abutments, piers and foundations, is parti- 
cularly essential, and care must be taken that the foundations 

are built on hard unyielding material, or supi)orted on well founda- 
tions or piles at 3 or 4 ft. centres, also the unit stresses on the 
foundarions must be safe. 

The abutments and piers in reinforced concrete arch bridges 
form one structure with the arches, and all arch reinforoemmt 
must be taken wdl down into them, to ensure contmmty at the 
arch springings. 

The design must be such that the thrust from the arch or 
arches. 

(i) as for one 8|)an loaded and the other not loaded in the 
case of an unroinforoed pier {i.e. the unbalanced live 
load thrust). 
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(ii) 88 for tihe shore span loaded in the case of on sbutmentr 
does not pass outside of the middle third. 

24. Spandrels may be open or filled. 

Open spandrels consist oi columns built on the arch ring or 
arch ribs, supporting the floor carrying the roadway. Spandrdl 
columns should be spaced at | to 1/16 of the span or 6 to 10 ft. 
apart, in small and large spans req>ectivdy. 

Filled spandrels are filled solid (e.p., with earth), ‘side walling 
being provided between the arch and the flooring. 

25. For economy, the springing line should be placed as near 
the foundations as oonditioub will peimit. This reduces the cost 
of piers and abutments. 

The rise of the arch should be as large as possible, in order to 
reduce the material in the arch ring or ribs, piers, and abutments. 

The filled typo of spandrel is usually more economical thani 
the ojreij type, for arch rises under 16 It , except when the founda- 
tions are not good, in winch case the use of an open spandrel may 
reduce the cost of the abutments and piers, on account of the 
snudler dead load involved. 

In open spandrels not more than two arch ribs should be used. 
A larger number than this complicates the floor construction, and 
gives no appreciable saving in its cost ; it also increases the cost 
of the spandrels, the arch ribs, and the abutments. Tao ribs 
only have been used for roadways 40 to 60 ft. wide. 

The arch axis curve should ordmarily coincide with the equi- 
librium polygon for dead load ; in rises greater than of the Epait 
it should coincide with the equilibrium polygon for dead load 
plug half live load. A curve of unfirm radius wnll sddom comply 
with this condition. A .3 centred curve can often be used. 

26. In arch nbs, the width of the section at the crown should 
be about twice the depth. As the width is kept constant, the 
section will approximate to a square at the Fpiingings. This 
arch rib shape has the advantage of giving low temperature and 
arch shortening stresses, but it involves a slight increase in sec- 
ticmal area over that required in narrow and deep sections. Narrow 
and deep sectional arch ribs have an unpleasing appearance. 

The steel reinforcement percentage on the surface area of the 
arch rings or ribs should not be less than 0*5 per cent, in each face, 
at the crown and at the springings. As the arch rings or ribs 
are in compression, the top and bottom reinforcement layers 
must be efleetively connect^ by steel bar binders placed 12' to 
18' 4^tt as in oidumns, to prevent the main reinforcement bars 
from breaking outwards. Arch ribs should be braced at inter- 
vals net exeeMing 8 times the width of the rib. If the floor system 
is immediattdy above tike arch, no braces are required at the crown^ 
IS the floorbg braeee the ardt ribs effectively. 
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To avoid ciaoks in the spandrels due to the xaoveiment of the 
arch ring under live load and temperature stresses, or due to 
the deflection under dead load if the apandrds have been built 
before the centering has been removed, expansion joints must be 
provided in the spandrel walls, and in the floor of open spandrel 
bridges. These joints are usually placed symmetrically about 
30 ft. apart, allowing for about 1* of movement in either direction. 

The centering must be rigid, and not liable to appreciable 
deflection during the construction of the arch. Small arches are 
generally concreted simultaneously from both simngings to the 
crown, at a uniform rate. Larger arches are concreted first at 
the springings, then at the crown, the haunches being filled in last ; 
this method reduces the distortion of the centering under cuns- 
struction loads, and the stresses due to shrinkage of the con- 
crete. 

The dejrth from the road suilace to the top of the aiche^ should 
not be less than 2'. 

27. As concentrated live loads are effectively distributed by Load, 
the earthfill, or by tbe rigidity of the floor slabs, the live load, in 
dedgning the arch ring, may be taken as umfoimly distributed 

on the roadway. The uniform live loads given in Chapter V, 
para. 31, should be used for the arch ring. 

The floor system and spandrel eolumns should be designed for 
concentrated loads. 

28. Emnforoed concrete arches are usually designed according 
to the elastic theory (see paia. 36). Such methods determine 
directly the position of the resistance line which gives the least 
average stress on the arch ring. The correctness of the elastic, 
theory has been proved by practical tests. 

The graphical method is employed to determine, by trial and 
error, the position of the resistance line which gives tbe least 
average departure from the aich axis. 

The variation in the stresses found by the two methods is 
about 10 per cent. 

29. The standard methods of analysis according to the elastic Apptosimato 
theory are very laborious. The method here adopted, devised 

by Major Gibb, which is based on the analyras of dlastic theory 
results by standard authorities (See Wadddl’s “ Bridge Engineer- 
ing ” and jEtooFs " Concrete Engineer’s Handbook,” Cochrane’s 
aruflysis), will be found suitable in practice for both large and 
small spans, provided that: — 

(i) (Ftdei para. 25). The arch axis eoinoides with the re- 
sistanoe line or equilibrium polygon, for dead load 
in the case of small rises and for dead load flvt half 
live load in the case of rises greater than } of the 
span. 
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(ii) The depth or thickness of the arch ring or rib increases 

from the crown to the sprin^ngs in the proportions 
laid down in the method (see Plate XXVH). 

(iii) [Vide para. 25). The steel reinforcement percentage 

on the calculated area is not less than 0*5 per cent, 
in each face, at the crown and ^ringings. 

(iv) {Vide para. 23). The depth between the* road surface 
and the top of the arch is not less than 2'. • 

30. The notation adopted in the formulee is as follows. (See 
Plate XXVII.) 

All units feet and pounds. 

We=dcad load per lineal foot^at crown. 
w,=dead load per lineal foot at springings, clear of abut- 
ment and details. 



w— live load per lineal foot. 

(V. R —Wc, w, and w arp usually taken on a 1 ft width << r auh iiiiRi, and 
on the width earned by one nb for iibb). 


L— span of arch axis, 
r— rise of arch axis. 

X & y=8bscissae and ordinates to arch axis. 

Angle ^=-inclination of springing line to horizontal 
he=crown thickness or depth of arch ring or rib (in feet 
or inches). 


h,=springing thickness or d^th of arch ring or rib (in 
feet or inches). 

M;S=mQment at crown. 

M,=moment at springing. 

T,=thnist at s^iringing. 

V,=Bhear at springing. 

bwswidth of arch ring or rib considered, usually ] ft. for 
rings, or width of rib for ribs. 

H=shorizontal thrust consequent on arch action : for any 
given loading H is rmiform throughout the arch. 

±t“ sarise or fall in temperature in degrees Farenheit. 

For spandrel filled arches t is taken=a±20° ; for open 
spandrds±30®. 


Ha’Bhorizontal thrust due to dead load+haif live load 
•ftemperature. 

e*»€xnMitridty of the thrust from the arch 
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31. The curve of the arch is found by the following (Waddell’s) 
formula (which is suitable for all arches) — 

J'“L.(u+s[**’+<"-*> y]- • ■ • 

w 

where u= — *- (2) 

Tho inclijiation of the springing line to the horizontal is found 
by the ec^uation 

... (3) 

The curve may also bo dotenninod graphically. A 3 centred 
curve will usually fit the plotted points. The e(;[uation8 for the 
radii of this curve are given op Plate XXVII, viz .: — 


R= 

Rj= 


(ad)*+(bd)* 

2bd 

(ef)+(ed)“ _ 

~2 (ed cos'O— ef sin 6) 


where sin 0-= 


ad 

R 


(4) 

(5) 
(C) 


The depth ot the arch ring or lib i^clease^ fiom the ciow’u to 
the springing as follows (see Plate XXM^l). 

Depth at crown- h, fn, or ins. 

Depth at springing--h, ft. or ins. 

Depth at 1 way from crorrn Si •89h,-! ’ll h^ . . (7«> 

Depth at ^ way from crown =-'78h,-f*22hg . . (7b) 

Depth at I way from orown= ‘60he-f 'lOh, . . (7c) 

Apprordmate values for h, and li, are as iollorrs 

(^aumit.). 

‘ 9600 ^ ' 

b,=h^seo. p. . . .... (9) 

A trial design for the arch should be nmde accordingly, and 
verified or altered as necessary as a result of the ajrplicatiun of 
the formulae for stresses and moments, which are as follows (see 
Plate XXVII). 

All units in these formulae are feet and lbs. 

32. The dead and live load thrusts are due to arch action, and 
the moments are induced by siinilar conditions to those iu contr- StHsm. 
nnoos beaiM. 

(i) For dead load (applicable to crown and springing). 

(tt+6) (10) 

M,«db-~2- ....... (11) 

T,«H sec. p (12) 
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V WcL, ,, 

6 

(ii) For live load for Max. (applicable to crown) 
„ wL* 


• (IB) 


± -JJQ ‘ . . (16) 

i(iii) For live load for Max.+M, (applicable to spiinging). 

H=-^ (17) 

T.s-Hsecp (18) 

w * 

M,— -1 — — — for open 8f)andiel8 .... (19o) 


for blled epandiele . 


*" 5 


. ( 20 ) 


(iv) For live load for Max.-M, (applicable lo q>ringing). 

H=— — (21) 

30r. 

T,=H sec ;8 (22) 

M.= (23) 

Ov 

(24) 

o 

(v) For live load over whole span. 

n=— - (2B) 

8r. 

V-Jliil (26) 

Yenpnatsn 33. For a rise in temperature, the length of the arch axis in- 
oraases and the crown rises, producing a horiaontal thrust on the 
abutments, a negative moment at the crown, and a positive moment 
at the springing. For a fall in temperature the conditions are 
reversed. 

For temperature ± t" (applicable to crown and springing). 

. . „ . 4500b.h»t* 

Alteration m H* ± 3 .... (27) 


whore h^h* or h, 
Altorat)(j|»inM,*= 


. ( 28 ) 



BMDQE8 AND CULVERTS— TYPES, ETC. 


71 


Alteration in ^ 


H 

Sec ^ 


Alteration ip 


3Hr 

4 


(29) 

(30) 


34. The efieot of coiuptesBiTe stress in the arching dae to dead Anh Short* 

«nd five loads and temperature is to reduce its length, producing * 

results siinllai to those due to a fall in temperatur& 

For arch dioftening (applicable to crown and springing). 

AWian’in H: ( 1+ . (81) 

where H|,=H obtained by equation (10)+iH obtained by equa- 
tion (25) -{-difiwence in H obtained by equation (27). 

H T 

Alteration in Me= -| — , (32) 

H 

Alteration in T,=s — •— (33) 

Sec p 

Alteration in ^ ^ * (31) 

4 

35. An implied excentricity of and ^ is assumed for Romarkii oa 

the dead load moments M, and M, (Cochrane). msthod. 

This method will never give results smaUer than those derived 
by the standard elastic theory methods. 

The values of H T, and Vg are correct for dead load. 

For live load, temperature, and arch shortening H may be 5 per 
cent, to 10 per cent, in excess, and M, T. and M, 10 to 30 per cent, 
in excess of the arcurate values obtained by the clastic theory 
depending upon the proportions of the arch. Surh errors, how- 
ever, are so miniuuzed by the dead load forces, which are much 
greater than the others, that the resulting arch sections will not 
vary from those obtained by the arduous methods of elastic theory 
.analysis by more than 10 per cent, in the worst cases and about 
-5 per cent, in average cases. 

In this method, the same convention is used as in beams, i.e., 

-(-M gives the tension in the bottom surface, and — gives the 
tension in the top surface. Shear stresses need not be investi- 
gated, as they are never high, and the concrete and the bar binders 
between the top and bottom layers of steel reinforcement (sec 
panL 26) famish ample strength to withstand them. 

This me&od can be used for the detign of masonry or un- 
reinfoned concrete arches (see para. 3), in which case the unit 
stresses must be safe for the material and the thickness of the arch 
ring must be not less than 4 e to 6 e, say 5 e. 

S6. If for any reason the arch axis cannot be made to coincide Method lor 
’with the resistanoe line or equilibrium polygon for the load, as ”***•• 
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defiaod ia paia. 25, the sich must be siwlysed by oae of the stand- 
ard elastic theory methods, vide “ Principles of Beinforced Con- 
crete Construction,” Volume III, by Hool, or “ Concrete Plain 
and Beinforced ” by Taylor and Thompson. 

It is usually sufficient to find the nwTin iiiTu stresses at the crovn 
and springing of the arch, and at a point ^ of the span from the 
crown. 

An approximate method would be to use the ‘same values of 
H Mg T, and M, for live load, Temperature, and Arch Shortening 
as shown on Plate XXVII, and increase the Dead Load Moments 
and M, by H or T, multiplied by the excentrieity of the arch 
axis from the resistance line for dead load which has the least 
average departure from the arch axis. 

37. A practical exposdtion of* the method of design outlined 
above, iticluditrg further details aud practical notes on the con- 
structiorr and design of this type of bridge, is given in the examples 
of conijilete reinforced concrete arched 100' span bridges of (^en 
spandrel and filled spandrel <y]»e worked out in Chaptw VII 
(examples 9 and 10). 


Beiaforoed 

Oonorete 

Botretring 

Bridget. 


RxiNrORCEl) CONCREIE BOWSTR1X& r.BinOES. 

38. Beiirforced concrete bowstring girder sparrs coiortitute a 
useful type of bridging, in large bridges requiimg small headway; 
they are thus particularly suitable for cro><hing toi lential mountain 
streams. 

An illubtraiiuir of a single 315' clear span road bridge of this 
tyj>e, as constructed in France, is given on Plate XXX. 



Sd.SI>ENSION BBIDOKS. 

39. The modern tjqre of stiftened suspension bridge is ectmomio* 
aUy and practically suitable for highway road bridge spans, to cany 
M. T., of 300 ft. and upwards. Experience in America and France 
ahows that the cost of this tyire in bridges of moderate span is not 
uneconomical as compared with other types, and in fact in many 
cases it is cheaper. 

This type of Irridge should therefore be studied, and its use con- 
sidered, when designing large bridges for military roads in India. 

The advantage of avoiding the coiutruction of piers in the river 
betl is airpaieut in all cases ; and the use of suspension bridges 
across the torrentral rrala crossiitgs on Frontier hill roads, where 
practicable, is particularly attractive. 

Modetu highway auspension bridges (disr^arding field suspea- 
aiou bridges, which are not dealt with here), are of the following 
tyiw 

(i) The lire cable bridge with aqrarate steel stiflening truss, 
as used iu America. 
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(ii) The wire cable bridge with inclined staj’s, as need in France 

and French colonies. 

(iii) The chain or rivetted-chord bridgea, as used in Genniny 
and Austria. 

Theuseofeyebar chains is preferable to steel cables, as they have 
the advantages of greater rigidity, and greater resistance against 
corrosion; they permit of efficient attachment of the stiffening 
web members^ combined with which thoy form a homogeneous 
rigid main carrying system. 

The bridge flooring should be as rigid as possible, e.g., of rein- 
forced concrete or steel, to assist in promoting the necessary stiffness. 

For the design of Suspension Bridges, see “ Notes on Applied 
Mechanics (structural)'’ published by the S. AI. E. Chatham, 'WTad- 
dell's Bridge Engineering, and standard works on Suspension 
Bridges. 


Light bbiimjks on pack ibaksport roads. , 

40. On pack transport hill roads, as in Chiti-al, light timber 
bridges, usmg local materials supplemented by the necessary 
iron work, sleepers, and wire cables, are often piovidcd, in the form 
■of susiiension bridges, eantUecer bridges, tension bridges, and 
crib pier bridges 

The design of those bridges is described in the Manual of Alilitary 
Engineering. 

The loads which they should be calculated to take are given 
in Chapter V, para. 36. 

The standard roadway dimensions are given in the General 
Specifications (Chapter III and Appendix III). 

Boat bridges. 

41. Boat bridges and ferries exist in many places on Indian Boat Bridgei. 
roads, but they are not now provided as a new measuie on high 

ways for M. T. traffic, except as field bridges on active setnee 
or as a temporary expedient. Thev are e.xpensive in upkeep, 
and are liable to be wariied away by heavy floods. 

Where practicable, funds being avaOable, existing boat bridges 
are rqilaced by puoca bridges, or strengthened as far as possible to 
take heavy M. T., where necessary and where their replacement 
is impracticable for financial or other reasons. In some cases 
{e.g., on the river Indus crossing between Darya Khan and Dera 
Ismail Khan), where the provision of a pncca bridge is impracti- 
cable, boat bridges are maintained in the cold weather, and are 
dismantled and replaced by ferries in the hot weather flood season. 

The methods of construction of boat bridges are given in Manual 
«f Military Engineering. On Indian highways country boats or 
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Bridge 

Defences. 


Handrails 
and Po&ts. 


i^«cial pattern boats (in tbe Punjab and North-West frontier 
Province the Jhelum pattern is standaidked) are nsed for pontoons^ 
and trussed beams are used to carry the snperstrnoture, other de- 
tails of the equipment also being of local patton. 

Bkidge defences. 

42. When it is necessary to provide bridge defe&ces, as in the 
case of important bridges and boat bridges, particularly in Frontier 
districts, these usually tale the form of diagonally opposite double 
story blockhouses located alongside the bridgeheads, suitable as 
a rule for ganisons of C to 12 men. The defences should be designed 
BO as to afford free traversing fire along the bridge, combined 
with facilities for ordinary defensive lire in all directions 
over the roof parapet and tlirough horizontal loc^holcs therein, 
and close-up protection by means of machicoulis and low 
vertical loopholes thiongh the base of the roof parapet. Entrance 
is usually gained by a steel door in the upper story, with a 
draw-up ladder, and a barbed wire peiimeter entanglement, with 
'* mazed ” entrance closed by a knife rest or gate, is provided. In 
certain cases, barriers or unelimbabie gates may be necessary to 
close the bridge when required. In such cases, these should be 
worked in to the block-house defence schemes, and care should be 
taken that barriers or gates are properly commanded by fire 
from the blockhouses. 

MisCELLANDOVS BKIDGE DETAILS AND SPECIFICATIONS. 

43. Handrails and posts should be designed for a horizontal 
load of 75 lbs per lineal foot. Their height is given in the General 
Specification (Chapter II), viz., IJ' on culverts and 2J' on bridges, 
increased to 3' on long high bridges. 

Steel handrails and posts should be designed as follows : — 

Handrails. 

L 

Deflection where 

L^-distance between posts in ft. 

WL» 75xL» L« 

'"20 “ 20 x 2240' 600 

Fof distance between posts of 6f' 7|' 7|' 8f' lOf' 

0. I, piping of the following diameters should be used 

As a rale, 2 inch 0. 1, piping diould be used for the top rail, 
witii the posts at a maximum interval of 8 ft. 
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Posts. 

Bending Moment M=(75 x L xH) ft. lbs. 

Where H— height from top raii to junction of post with bridge. 

JL _7_ 76>axHxl2 _LxH 

Y f ~~ 7| X2240 ‘ ~ 18-7 

For posts 8' apart and H- 3', 


z=-: 


8X3 


18-7 


=1-28 


4*x3*x 1 ^ 6 * angl® iron is suitable, with the 4' flange across the 
handrail. 

Beinforced conciete handrails and posts are particularly 
suitable with reinforced concrete superstructures. Details of these 
are given in the type designs for roinfoiced ccmcrete bridges. 

44. Parapet copings should* uoimally be of 1;2J:5 cement l**'*!** 
concrete or large dressed stones set in 1 :2 cement mortar. All 
copings should be weather sloped on the upper surface. 

It is sometimes advisable to adb]>t such devices as to bond in 
the end coping stones with iron bars let into the masomy and into 
the coping stones, to give greater stability against bumps and to 
render wilful removal more diflioult. 

45. "Wheel guards or kerbs should be constructed of first class ^''*^1 
Slone in cement or cement concrete. 

46. The ordinary method of finishing off the loadway over RomI burfsie 
reinforced concrete decking is to coat the concrete with asphalte 

and cover it with about 1|* of clay and 6" metalling, which gives 
a cheap and easily renewable wearing surface. 

The decking may, however, be covered in lieu with asphaltic 
concrete alone ; this is the only method in the case of overflow 
bridges. 

47. The following is a suitable method of asphaltic concrete A8]>h4ltio 

Sng. 


Mixture. 


lbs. 


ISO 

Sand ISO 

Asphalte 150 

Bitnmon SO 

Portlaad Gemeiit 60 


The asphalte and bitumen are heated in a boiler until melted 
to the consisteiEM^ of cream. The shingle and cement, having 
been mixed dry, are then added gradually and stirred in. 

The concrete Borfsce ia then cleaned, and the mixture is laid 
and lightly rammed with wooden rammors to a thickness of 
I to 1| inches. 
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The mixtuie when dry fonn» a hard surface which wears well 
under traffic, is not too brittle, and dues not get too soft daring 
the hot weather. The surface should be k(^t covered with a 
thin layer of sand to prevent it from getting slipper)'. 

Sufficient boilers should be employed to minimise joints, and 
enable a large area to be laid at one time. 

Where there are expansion joints in the girders and in the 
concrete decking, plain aaphalte expansion joints must be given 
in the asphaltic concrete surfacing. * 

This method of surfacing concrete bridge decking has the ad- 
ditional advantage of reducing the weight of the superstructure 
and the consequent load on the girders, etc. 

Boadimy Adequate drainage must be given to the roadway on all 

drainage. bridges and culverts. Drainage 'openings, about 6" square, with 
their up]>er sills ,‘J" above the surface of the metalling sliould be 
given on both sides at intervals of 8 to 10 ft., provided where 
necosssirv with a projecting lij) to throw the drainage clear of the 
structure. The metalling sliould be cut away and sloped down 
immediately in front ot each drainage opening. 

Speoification 40. The mateiials and woikmanshi]) m all road stiuctuies 
^^maaoniy (im.ludm!i bridges and culverts) must eoufoim to the specifacations 
laid down for buildin<j: work generally (s^e Volume I. — Buildings 
and fJeneral) a' a])p1icnble. am])lified by the specifications given 
in this t'liaptei and in t'ha]iters (Uetaining Walls) and VIII 
(Cautcrvajs). 

All load structure woik d<*mnnds the best materials and work- 
manship in an esjiccial degiee. 

Lime and ob. Lime moitar and limfc couci«‘lc may be us«*d in biidges. 
Cbment. culverts, causeways, etc., wheic Ihe lime is hydraulic, the founda- 

tions are dry, and the rivei cariies silt and sand only. In any 
case, lime should not be used in piers and abutments w’hen the spans 
exceed 50 feet. 

Cement morl ar and concicto should be used wheie the lime avail- 
aide is not a first class Jiydraulic lime, oi the foundations are W'et, 
or the masonry is subj(*ct to the hammering action of gravel, 
or bajri and boulders. In sjians over 50 It., cment concrete and 
mortar should be used in any case, as the piers and abutments 
in large spans carry considerable loads, to meet which Hmo mortar 
and concrete are ordinarily not sufficiently reliable. 

Piers and abutments in cement mortar or conerete can often 
be made of smaller dimensions than if lime were used ; this ]>artially 
counterbalances the extra cost involved, and in some oases will 
cause an actual saving. 

Mixed nteoifioBtions in cross sectbns, such as lime concrete 
filling iosi^ a cement masonry dcin, are unsound and should not 
be adopted ; the strength of the cross section must be uniform. 
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61. Where Kme concrete is permissible in foundations and base Coneiete fai 
courses, or cores, the composition should be 1 part of lime mortar 
to parts of clean coarse aggregate, by volume ; the mortar coune*. 
should be composed dt 1 part of hydraulic lime to 1 of sand and 1 
of surkhi. ‘ 

Cement concrete for this purpose should be composed of 1 part 
of Portland cement to 3 of sand to 6 of aggregate (1:3:6). In very 
wet foundations the outer ring of the base may be made of cement 
ccmcrete laid in bags, headers and stretchers alternately, . well 
ranuned into position. 

52. Masonry piers and abutments for spans not exceeding 50 ft. Masonry of 
(in cases where the use of lime is permissible), should be built of 

solid lime masonry consisting of> hammer dressed coursed rubble 
stone, or brick. In all except small culverts not liable to severe 
stress first class bricks only should be used. The masonry should 
be pointed with 1:2 cement mortar from the base to high flood 
level, the joists being cleanly raked out 11" de^, and v?etted, 
before pointing. 

In all spans exceeding 50 ft., and in smaller spans where cement 
is to be used, masonry piers and abutments should be built (i) of 
solid hanuner dressed squared and coursed stones, or first class 
brick in 1:2 cement mortar or (ii) of an outer ring up to nala bed 
level of first class stone or brick masonry in 1 :2 cement mortar, of 
thickness at least ^ the width of the piers, filled with a core of 1 :3:6 
plum cement cencrete ; the construction above nala bed level to be 
as in (i). 

The plums should consist of large clean sound boulders placed 
by hand not closer together ’than 1 foot in all directions. 

53. Superstructure searings must be of 1:2:4 cement concreteSapentroo- 

of the following thicknesses in feet : — tnreseaitmgs. 


For slabs : — subject to a minimiun of 6*. ^ 

For beam and truss bridges on cement masonry piers and abut- 
mentsi— . 

. For beam and truss bridges on lime masonry piers and abut* 

ments:— • 

Supfffstructure searii. must extend across the full width of the 
pier or abutment (see also para. 8). . 

64. Spandrel walls in masonry arched bribes should be built 
of hmnmac drcfssed eooxaed rubble stone or-brwk cn- the^best lime 

Icoid^ pr^urabb^ . , 
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. 55. Arch rings in masonry bridges shotdd be composed ss 
fdlows • 

(i) Cement concrete 1-2-4, with stone or moulded cement 
concrete Toussoirs on the faces (suitable for 2 ft. to 
50 ft. spans}, 

or (ii) Chisel dressed Tousscar stone in 1-3 c^ent mortar 
(suitable for 30 ft. to 50 ft. spans), 
or (in) Hammer dressed voussoir stone in first class lime 
mortar (suitable for 2 ft. to 25 ft. spans), 
or (iv) 1st class brick in cement or lime mortar uring 
specially moulded arch bricks as necessary (suitable for 
2 ft. to 20 ft. spans).^ 

or (v) l.st class lime concrete, with stone or moulded 
cement concrete voussoirs on the faces (suitable for 2 ft. 
to 10 ft. spans). 

The centering for arch rings in lime mortar or concrete should 
not be struck for at least 28 days after the arch ring and haunches 
have been finished, or until the lime has set sufficiently. 

The backfill should be completed to springing level at least, 
and preferably totally completed, before the centering is struck. 

(See also para. 26). 

56. Abutment haunches for stone or brick arch rings should 
be built of the same material, with the courses approximately 
radial to the centre from which the arch is struck. Pier haunches 
for stone or brick arch rings should be of first class lime concrete. 

57. It is a first prmciple of sound engineering that full and ^ste* 
matio arrangements (“ bundobust ”) iqc the work shall be made 
before constniction starts ; including engineering staff, labour, 
materials, accommodation, and tools and plant. 

Parricularly in the case of a bridge, to start work without such 
arrangements having been fully made beforehand must aivrays 
increase the diffic^ties of construction and add to the total expense, 
without saving time in the end. 

Essential training and protection works must be built in the 
first instance— they may take precedence of all other arrangements. 

58. In all cases foundations must be taken to safe depths below 
scour, as laid down in Chapter V. The type of foundation adopted- 
must be such as to comply with this conditicm, in the river bed 
<l(mcerued. 




OjPSJNBjMPtfB FOUNDATIONS, 
dke foundations, as in ixirreutial steeeun honldeit 


8, crib framing,: tb/eriinte' 
the ' full dqpth.'; The crib idtonld'! 
-.ijinbeT, .W!dl'\b»^:j8iifcd.;^nt^ 
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It is siuik as the matsxial is excavated frciui the inside,, 
the excavation being kq>t unwatered by suitable pumps. Crib 
woiIe should never consist of odd pieces of timber roughly put 
together ; an inferior crib will cost more in delays through refusal 
to sink and from material entering under it than the cost of a pro~ 
perly made crib, and delays ate matters of considerable importance 
whoi working in a nala bed, with the prospect of floods destrc^g- 
the wcmk before it is flood proof. The same set of crib worl^ or 
sets, is or are successively used for successive piers or groups of- 
piers. 

The excavation of open foundations without the use of any crib 
work should be avoided. It costs a great deal more in excavation, 
and is an undesirably uncertain method when the conditions of 
bridge foundation work are considered. 

Weil FOuunaTiOMs AND wEUL-siNKmo. 

60. In silty river beds free from boulders, masonry wells with a Well foundh* 
steel, timber, or reinforced concrete curb or cutting edge may be 
used. The material is excavated from the inside of the well by a 
clam shell or grab backet dredger. 

The skin friction encountered in sinking the well varies with the 
character of the material of the well, the strata penetrated,, and the 
depth. The average sdcin friction in lbs. per sq. ft. of surface (A) 
for any d^th h ft. appears to vary roughly as xb, where x varies 
from 5 to 15 for sand and clay, and from 2 to 8 for mud and silt ; 
the total resistance of the well to sinking Axh lbs. This rule is 
only given as a rough guide ; the results obtained in sinking should 
be used finally. 

The curb increases in thickness inwards to provide a seating for 
the masonry. In hard river bed material the curb mirst be made 
of steel, or of reinforced concrete with a steel cutting edge ; in soft 
material reinforced concrete can be used without protection. Tim- 
ber can be used for unimportant work, with a steel cutting edge 
when necessmy as in the case of concrete. 

The thickness of the masonry shell or steining should be about SWnlnfr , 

%\ ft. Where high skin friction is anticipated, thick steinings may 
be used, with a view to the additional weight facilitating the 
sinking of the Well without tiie addtion of a super-imposed load 
for the purpose. 

The shaft of a wdl ehould be from 8 to 10 ft. in diameter, to 
igive for operatiug the excavating gear. 

the curb, vertical rods securely fastened to it at about 3. ft. • 

.eeatree are lurought up thrcngh the centre of the masoiiiy steining. 
si^biese tods are tbgei^er at vet^i intervals with flat iron, 
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Thin entuioa that the masonry will sink nuifohnly, and not be held 
up by increased skin friction at any point. 

When the well has reached an impenetraolo stratiun, or alter- 
natively has been sunk to a anlBcient depth to cairy a test load 
satisfactorily by means of the resistance set up by the iJiin friction 
of the material on the sides of the well (subject always to the re- 
quisite depth below scour haviDj; been attained)» the bottom 

the well is ]>lns;ged with several feet of cement concrete. The 
remainder of the well is then fill(*d uj) with concrete, and a cement 
concrete cap is placed on the toj) to distribute the loa<l. 

In c\cd\ atiiig, the depth of excavation below the tutting edge 
of the well curb should never exceed 4 ^ ft. in a sandv bed, or a 
“ blow ” is certain to take ]ilace. tending to thrtrw the well out of 
the t ertical. When a well sticks 'in sinking owing to increasing 
hardness of, oi friction with, the river bed material, a small 
charge of dviiamite (2 o/s. or less), placed in the centre, <>]iou]d 
usually {.uifiee to get the well on the move again. 

Before the first layer of masnnijf is built, the sjiace inside the 
cuib should be filled up with sand, to mimmize tilting. 

01. A rapid method of cous^^ucting well ftmndrtlions in a run- 
ning stream with a bed of sand, shingle, and small boulders, is that 
ado})ted in the case of the bridges across the ivabul iiver at Michni 
near Peshawar, as follows . 

The liver bed was first juled. Each well cuib, with brick stein- 
ing super-imposed, was tlien lowered, I foci at a tune, bv means 
of a suspension and lowexing device The cinb was forced down 
by means of 14 heavy screw jacks of 20 tons capacity each, until 
the curb founded squarely on the river bed. The well was then sunk 
by dredging thioiuib the boulders snd shingle of the river bed. 
A laige quantity of boulders had to be broken uj* by blasting be- 
fore the cuib reached its final level. The curb was made up of 
heavy steel plating and angle sections, to resist the concussion 
caused in blasting out the boulders. The biick work steining 
was built lip above water level concuriently with the sinking of the 
curb. When the well had bt'en sunk to foundation depth (about 
IS' in this case), the inside was plugged with concrete. 

This method is described as being suitable to the conditions 
mentioned : it is not recommended where de^er foundations, 
in a shingle and boulder bed, are reijuired- the foundations would 
have been taken deeper in this case had not the increasing (hfficulty 
of sinking rendered this impracticable. 

< Piles and pile dbivino. 

02. Piles ,^re ordinarily made of timber, reinfotoed concrete, 
or steel, according to availability of materials, the importance' 
of the worlst the nature of the river bed. 
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Where timber poles sre used for piles, they should be of dia- 
meter 6 to 8 inches at the tips, 14 to 18 inches at the butts, and 
taper uniformly. Th^ must be cut from sound trees free from un- 
sound or loose knot, etc. and should not vary from the straight by 
more than half the middle diameter. The bark should be peeled 
off and all branches trimmed off completely. The point should 
be accurately central and shaped conically. Except in soft ground, 
the point should be protected by a wrought or cast iron shell, or 
by a couple of V shaped laaps of bar iron spiked to the pole. 

Concrete piles should be designed in accordance with the details 
idiown on Table XXVI. They should be made of 1:2 ;4 cement 
concrete, cured for at least 30 days, and when lifted or moved " 
should be supported at the quarter points in their length. Th^ 
should be fitted with steel sho48, e.xcept when the ground is soft 
and free from boulders and shingle (see also paras. 17 and 18). 

63. Piles may be driven : — Driving. 

(i) by a drop hammer, 

(ii) by a steam hammer, single or double acting, 

(iii) by a percussion pile hammer. ^ 

In hard ground a percussion hammer will smk a pile which' would 
be crmshed if driven by a drop hammer. Tlie drop hanuner should 
weigh not less than the weiglit of the pile. 

The tops of the piles should always be protected by cushions of 
wood or rope, whilst they are being driven. 

In drmng, if the hanuner bounces to any extent, the fall must 
be too great, the hammer must be too light, or the pile must have 
struck an impenetrable obstacle. Decreasing the fall will fre- 
quently increase the effectiveness of the blow and diminish the 
bouncing. If the point of the pile reaches an impenetrable stratum 
and hard driving is continned, the foot of the pile may be spread 
out and spoilt. When the penetrationhasdiminishedtojto J inch 
per blow, and the hammer rebounds considerablj-, the safe limit of 
driving has been reached. 

As a general rule, piles need not be driven more than 10 feet 
in hard ground, to 20 feet in soft ground, provided that the pene- 
tration under the last series of blows is satisfactory, and that scour 
depth conditions are met. 

Piles may be badly damaged by over-driving ; hence once the 
penetration and depth are satisfactory, difving should be dis- 
continued.' ' 

64. 'Where the pile passes through soft. material and the lower **•*•!“•**• 
end ref^ on whnpent^raUe stratum, the perprissible load is limi-*™’^*^ 
ted .to the fltoengtb of ^e pile conifidered as a cduimi. 

/The, other ease is to«t of a pile driven through'fairly uniform 
^material l load is to^ii.icaixied by the friction of the bl^ matenal 
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on the sides of the pile, and the pemissible 1 o«m 1 is determined in 
ration thereto. 

For a friction pile, the following formulae give the safe load. 
Thegr include a factor of safety of 6, which it is usual to allow for 
vibration : — 


Vaster Jet 
Uethod. 


EstewlUes 


For piles driven with a drop hammer. 



For piles driven with a single acting steam hammer, 


P* 


2 Wh 
8+0-J 


For piles driven with a double acting steam hammer, 
P 2h(Wa.p) 

- sW 


where 


( 1 ) 

( 2 ) 

(3) 


P— safe load in lbs 

tv —weight of hammer in lb*’ 

h^fall of hammer in ft 

a=efEective piston arc® in Miuare inches. 

p— effective steam pressure in lbb./Bq. in. 

S^^ponetration under the last blow, in inches; this may 
be taken as the average penetration per blow undei the last 6 blows, 
where the penetration is small 

65 In sand, mud, or soft clav. piles may be founded by dis- 
charging 1, 2 01 3 water jets at the point of the pile, thus lo^nii^ 
the soil and enabling the pile to sink by its own weight, asristed if 
necessary bv very light blows from a diop hammer. 

In this method, the water is usually conveyed to the point 
of the pJe through a pipe fastened to the pile ; the ]ets must be in 

advance of the pile point. ^ 

The water jet method is almost useless in gravel, or in sand 

containing gravd and clay. 

" Foundations ” by Fowler should be consulted for full parti- 
culars. 

66. Screw piles generally consist of a rolled iron shaft, or a 
oast iron pipe, 3 to 10 inches in diameter, having at its foot one 
or two turns of a caso iron screw with blades to 5 f ee t in diameter. 
Th^ are setewed into the ground by a hand-operatod capstan, or 
other suitable mechanioel or animal power method. 

Screw piles will penetrate the majority of ordinary rivet beds ; 
S.0-. they can be drfvwi into clay and loose pebbles and stones, and 
will, pnah arid# small boulders. They are not efficient in dry sand 
and’ Munot^ used in beds containing large boulders ot petrified 
eonglom^rdte» etc. 
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CHAPIERVIL 

f • 

Bridges and Culverts— ExempifS* 

lalrsductoxT — Calculation for Fouiidatioi»» otc.» for a Bridao 
aeroM an avorago hill atroain — 6' Reinforced Concrete Slab 
Cnlvwrt— S' Steel Troughing Span— Reinforced Concrete 
Slab Deddng Continnoat orer Longitudinal Reinforced 
Concrete Beanes — ^Reinforced Concrete Beam ^Bridge — 
inforced Concrete Flooring on Rolled Steel Joists Bri^e — 

‘Rolled Sbtel Joist Splice — Masonry Arch Bridge — ^Reinforced 
Concrete Open Spandrel Arch Bridge — ^Reinforced Concrete 
Filled Spandrel Arch Bridge. 

IjmtODXTCTOBY. 

In tibis Chapter examples illustrating the appUcation of the 
principles and methods described in Chapter VI, and utilizing the 
tabulated working formulse, diagrams, and results, are given. 

The standard load (12 ton road roller with 25% impact) is 
catered for in all cases. 

For details of steel and reinforced concrete design, and the 
general principles thereof, reference should be made to the rdevant 
chapters of Volume I (Buildings & Ceneral). 

Example 1. 

Calculatiom for fou}idations, etc., for a bridge across an average hill 

Stream. 


See Chapter V, paras, 9-27. 



Above 

Bridge 

site. 

At 

Bridge 

Bite. 

Below 

Bridge 

site. 

CrosB Beotional area of waterway at O.H.F. 

lA ^ ft* • • k • • 

Wetted perimeter oorreeponduig to A, P».ft* 
Hydraufio mean depth mIow 0*H.F. 

%900 

410 

3,000 

400 

3, 200 
433 

r sss-'^-asB ft* . . . • . 

7-1 

7-5 

7-4 

Haadmam d^th to eoour boles below 0*H. 

F*Xiiig ** ft* o • • s • 

fall 

Slope of water sudhoe* S* ” 

CoefBoieiit of nigoaily» n 

lima Tslix^ ol stMUft st OJS.F. 

Xf S^ ** 

” MS — X * Js • ra seo *■» o o * 

10*5 

13-5 

12-4 

-0074 

•0070 

•085 

-0067 

13*45 

18-7 

18-1 

IMsaiianm at O.H*Fs 

IJmbA* y. ooseoB. ctt 

83^000 

41,000 

,42,000 


1 > 
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As tKe T&lue of Q fot (b) (Bridge site) is vitbin 07e of the meao 
value of Q for sites (a) and (b), the calculations may proceed, utiliz- 
ing tibe values for the bridge site. 

B. L. of O.H.F.L. ==131*80. 

R. L. of mean bed level 24*80. 

The catchment area discharging through this biidge, measured 
from the map, is 630 sq. miles approximately. The run-off, Qs 
2,100 X M* . 

s 63,000 cuseci aj/prox. 

To allow for an abnoimal flood, the dischaigo at mt ximum high 
flood must be taken appiox : — this, subject to a minimum of 1 Q. 
Take Qi=:l|Q = 6600 ousees approx. 

t 

The hydiaulic mean depth at Max. High Flood 
Tj-salf V li X approx. 

=1*19 r 

=1*19 X 7-5 =r8‘96 ft. 

The approx, rise in sur&co 
=ri— r=l*'/5 ft. 

The wetted perimeter at Max. High Flood, 

Fi=P+2(r,-r) 

=400-l-2*90=ift?3 ft. appiot. 

The waterway area at Max. High Flood 

Ai=PiXri 

= 403 x8*96=5,510 sq. ft. approx 
The probable maximum velocity 

V.=Vx(-|l )' 

=Vx(H)» 

=1*12 V. 

=1*12x13*7=15*33 ft. I sec. 

The maximum discharge 
Q}=Ai Vj 

=3,610 X 15*33 = 6600 fusecs approji. which is near 
enough to 66,000 cusecs to be assumed as correct. 

R. L. of Max. H. F. (without afflux) • 

=0. H. F. L.-f(ti-~r)=131*80+l-46=lS3*fl5. 

It is proposed to provide a waterway B of 320 ft. clear between 
piers and abutments, by 4 spans of 80 ft. clear width. 

From cross section, area of clear waterway at Max. H. F. 

^ Ag*w34!00 sq. ft. 
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alt 2 citsees. 


The avenige disoheige per foot width of clear opening 

q- — 

66,000 
“ 320 
The aiHu3( 

h=H — -OlOSVi* 

where H»(H+li d)= ^ 

0 * 36 c 

Csb* 80 for round-nosed piois 

.•.H*(H+lJd)= 

' ^ ^ ^ 6-36>4-8 

orHt (H+H-66)=40*3 
By trial and error, 

H=d-d 

.•.h=H- -0160 V,* 

«=4-6 X (-0166 X 16*33»)= 84 ft. 

The velocity under the bridge 
„ MxA i V, 

V, — I 


Where A,=(d-f- _ )B 
2 


. V 

• • T O— — “ 


t=(9-7-f-42) 320 
=1 0-12 X 320=5, 33d sg. ft. 
1-1 X 3,610X16*33 


3,288 


= 18'8 p /sec. 

The waterway is slightly contracted only, and the current is 
straight. 

/.the mAyiui uni probable depth to scour below Max. H. F. L. 

^ 1*3 V, 2*1 r V, 

V ” ~v — 

whichever is greater. 

^ 1-3 X 12-6 X 18-8 2-1 X 7-6 X 18-8 

• •®‘ iSi “ — m — 

= 22-3 ft. or 21*7 ft. 

Take Dj = 23*3 ft. 

Bepth of foundations below Max. H. F. L. 

B, -li X B, 

=li X 22*3 = 29-7 ft. 

Bepth below average bed level 

= liBj ^29-7 --9*7 ^20 ft. 

B. L. of mean bed level being 124*30 
B. Is of foundations will be 104'30. 

» 8 . 
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The oleatance of tho superatmotuie above Obeesved H. 7. L. 

0-(^)W 

Bubjeot to a minimnia of } i sa 6*6 ft. 

Hake d ft. i. e. B. L. 131-80+6 « 137-8. 

No extra allowance for traffic is necessary, as the stream is not 
navigable. 

Note . — ^The ajipioxiinate lule (Chapter V, equation £9 a) girca depth ot 
(oundationa below mean Led level. 

SB 1>6 D or 2*5 r 
* (1-6 X 12-6) or (2-6 x 7-6). 

» 20 ft. or 18-7 ft. 
i. e. 20 ft. 

This agrees with the depth 20 ft. calculated by the complete 
method. 


EzAUPia: 2. 


laadiaad 
Ubuauti «» 
lUaSab. 


6* Reinjmed Concrete 8kA Cukett, 

See Plate XII and Chapter VI, para. 14. 

Beiniorced concrete slab with road metal directly on top of the 

slab. 

Elective span s=aboat 6'+depth of slab 
= 6'+6' =s6J' 

Dead load from metal 70 lbR./3q. ft. 

From Table XII, or Plate X^HI, a 8|* slab would do, and from 
Table XIV this requires I* bars at CJ" centres with the centre of 
the bats 1 J' above the bottom of the slab. 

The following details illustrate the method of calculation. 

From Plate XI. Case I for longitudinal slabs, the maximum hve 
load bending moment from the reai wheels at the centre of the qpan 

PL 22.400 X6|' . , 

j— 2- =36,300 ft. lbs. 




and lor one whed Ms 


86.300 

— - - - sb18,160 ft. lbs. 
2 


The efEective width of slab across the slab span over which this 
may be considered as distributed is (see Chapter V, para. 31). 
e SB } L+C with a maximum of 6 ft. 

C Bs width of lyre bs l>32. 
e u (} X 6}) 1-32 BB 4-33 1-32 Bob-OS ft. 

Hakse awOft. 

Then theUve load moment pet foot width of dab 
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Dead Load of 6' metal eaith ousbioa » 70 lbs. / sq. ft. 

8^'' slab at 150 lbs. pei cubic foot 103 ,, 

Total Dead Load . * . . . » 173 „ 

Dead Load Moment per ft. width of slab 

916 ft. a* 

8 8 

•*. Total Moment per foot width of slab 

ss L L,M4-D L M:= 3,630+915 » 4,545 ft. Ibc 
[See Yolnme 1, M. £. S. Handbook] rwiy . of 

From Plate yyiCT for stresses of 16,000 and 600 lbs /sq. inch in Slab, 
the steel and concrete 

M 

Steel ratio p=*0067, R= , = 95, 

• bd* 


.ndd=y-g“ wliM0MUinm.lb,. 

Hence d^th of slab d= / =6-92** 

^ V 95x12 

Adding 1]^" to cover the steel, total thickness 
h = 6-92+1 -25 = 8-17*. Say 8i\ 

Area of steel required pbd = -0067 x 12* X 6 92* 

5= -57 sq. in. per ft. width. 

From Table XXXVII, this requires diameter hais at 6J* 

centres. 

Shear need not be investigated, as the load is much less 1 han 2120 
lb8./sq. ft. (See Table XXXVIII). Alternate bars will be bent 
(see Plate XXXV) and placed along the span with their centres 
1^* from the underside of the 8|* slab. The ends oi all bais will 
be hooked, and if splices aie necessaiy they must be made by 
interlocking hooks made on the ends of the bars. 

diameter distributing bars should be placed across the span, 
and over the bars along the iqian, at 2} ' to 3' centres. 

From Plate XXII, the length ol bearing on the abutment Deaiingk 

-K-J>+ ® »J.+ =.66'-.r 

K 

Thickness of bedstonesa . sa4*. 


The slab must be cambered daring construction to 


S 


6 ' 

m 


2(0 


Camber of 
Mab. 


«■ -8*, say 1 ^*. 


Vide Plate XXIT , this slab can safely carry a superimposed fill Notea. 
60 60 

ofH«-— -:*-?~xl0ft. 
span 6 
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Abatmentf. 


Loads and 
Moments on 
ecldng. 


Design of 

eteeltfongh* 

ing. 


If ihe fiU v«ce 15 feet, total thickness of slab 
H V' 15«10'. 

From Table XIV tbis requires f" bars at 6* centres. 

Longitudinal slabs similar to the above may also ocour between 
the cross floorbeams of a plate girder or truss bridge. If eonti- 
nuous the moments are multiplied by I for fully cohtmuous stabs, 
or by f for dabs with one end continuous and one end amply 
supported. 

The bed level of tihe culvert is 6' below the surface of the road, 
and the foundations are 3 ft. deep. 

From Plate XVII, Type I, for masonry in lime 
a * 18'. 

The thickness of the abutment at ground level is *40h = *40 
X 6' = 2*4.' Say 2' 6.' 

H 9 

Theprojection of thetoe=— — = *9'. Sayl'. 

^ ' 10 10 

The depth of the toe projection from its junction with the 
vertical face must not be less than 2 ft. 

The total base width A = l'-|-2' 6' = 33 ' 6,* which is greater than 
*35 H, and is therefore satisfact^. 

If scour is anticipated, cut-off walls should be provided, as 
shown on Plate XY. The foundations in this case will be only 
18' or 2' deep, and the floor will be paved with stone in cement or 
good bme mortar. 

Example 3. 


6 ' steel troughing span. 


See Plate XXI and Chapter VI, para. 11. 


Althou^ steel troughing is very uneconomioal in the case of 
such a small span, a 6' culvert as in Example 2 will be considered 
to illustrate the method 

The dead load is practically the same as in Example 2, and Ihe 
live load is exactly the same. 

Total moment per ft. width of decking 
=s 4,545 ft. lbs. as in Example 2. 


Section modulus 1/Y ssZa: 


M 

f 


where M is in inch lbs., and 


i 


s tons /sq. in. for stedi troughing. 

• «ixa.J4o 

From Table XX fei pressed steel troughing of 


seotiwi 4' X — Z » 6*0, 
or for 5' X )f£', Z ** 6'8. 
!!%» ii amply etroog. 
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l%oagh flooring is eqmTalent to coveting iihe floor witK a 
or I' plate, tlie deqiec the section the greater being its strength. 
The weight per square foot, however, obviously remains almost 
constant, and there is therefore practically no economy between a 
4* X f* and a 9' x f* or 12* a 2* section. For this reason 
troughing should only be used in deep sections and for long spans. 

Steel Troughing is an expensivo t}rpe of flooiiug, and should 
generally not be us^ for spans of less than 10 or 12 it. 

Plate XXf glares lull details for troughing. 

The design oi tlio abutments is exactly the same as for 
Example 2. 


Example 4. 


Reinforced conc/ete slab decking continuous over longitudinal Rein' 
forced concrete beams. 

See plate XXTII and Chapter VI, para. 10, also Volume I, 

Chapter VIII. 

Dead Load from metal = 70 lbs. /sq. ft. 

For 18' roadway, span centre to centre of beams = 7'3*, and 
the beams will bo 1 '4* wide plus 2* batter. in^ ’ 

.•.Clear span of slab = 7'3* — 1'6* = 5'9* 

Effective span = 5' 9* depth of slab = 5'9*+6* =6'3*. 

From Table XIII, a 6}* slab will be suitable. 

From Table XIV, this requires |* diameter bats at ^ * centres. 

The following details illustrate the method of calculation. 

From Plate XI, Case I, lor cross slabs, the maximum live load 
beading moment from the rear wheels at the centre of the span on decking 
^ \ 22,400 / 6 25 1*32 

“4^12" 4/’“4^'2 4 

= 6,600 X 2-8 = 16,700 ft. lbs. 

From Chapter V, para. 31, the effective width of slab across the 
slab span over which this is distributed 

e =* I (L+C) = I (6-26+l*32) == 5-06 ft 
Live load moment per ft. width of slab 

« ~ = 3,100 ft. lbs. 

6 5*05 

Dead Load of 6' metal plus l^* earth ss 70 lbs. /sq. ft. 
DeadLp4dof6|'Blabatl60lbs./o.ft. saSO „ 

.*. Total Dead Load 160 lbs. /sq. ft. 

Dead Load Moment per ft. width of slab 

..u; ' ' ax ax 776 ft. lbs. 

8 8 

Total Moment per ft. width 
ax L L M+l> L M « 8,100+776 x* 8,876 ft. lb*. 


) 
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deoliJng. 


Aa th« ilab ia folly cootmooua ovar the aopporta, the eSeetiv« 
nuMneat is} of the aboYe. »-e>, 3,876 xf es 2680 ft> Um. (or 30,96o 
in. lbs.) 

From Plate XXXI, as in Example 2 


Depth of slab d< 


Vs 


V 95X12 


M 

96xb 

Adding 1* to cover the sted, total thickness ' 
h « 6-20* Say 6}*. 

Area of sted required =* pbd s= *0067 x 12' X 6*20' 
a'42 sq. in. per ft. width. 

From Table TYyV TT, this requires |* diameter bars at 61 
centres. 

As the slab is continuous, this amount of sted must be provided 
at the centre of the span and also over the beams. Plate XXIII 
illustrates how this is done. 

Bends in bars are made as shown on Plate XXXV. 


Examflb 5. 

Reinforced concrete Beam Bridge with 40' spans. 

See Plate XXUI and Chapter VI, para. 16, also Volume 1, 
Chapter VHI 

i nullah requires a bridge of ICO ft deal opening, 18' roadway. 
The height from the suiface of the road to the bed of the nu^h 
18 15 ft., and the foundations are calculated to be safe against 
scour at 12 ft. below nullah bed level. total height = 27'0*, 
The total height of the pieis should be about 22', as the depth 
of the beams plus the roadway thickness is about 5 ft. 

From CLspter V, para. C, Economic 
8pan=l|x22' =38i' 
i spans of 40 ft. clear will be suitable. 

SoStS***" according to Plate XXIH and Table XXIV, 

from which full details for making the working drawings can be 
obtamed. 

This 8 beams design has been chosen for its simplicity. A 2 
beam design would require a much thicker slab and heavier and 
deeper beams, with a very large amount of steel to arrange in them. 
4 or 5 beams would increase the cost of form*w(Hrk, would compli* 
cate the bending of steel in the dab, and would requite moreconeTete 
and sted in the main beams, as againat a very •triffing saving in 
concrete and steel in the dab. The 3 beam design gives the best 
arrangement, both for design and for coostaraction. 

The foUotiing details illustrate the method of calculation and 
dedgn. >» 

ikasteb. ^bthidi:ness,a8oalottlatediaSxaii^e4,<M6}'. 

% a Besna SVom TdtleXXIV, total depth Hof be^m Mr. 
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^dish of beam Q^l'l* ; 1'6* at slab. 

Position of bars P s 3*, G » 3*. 

Depth to centre of steel 

d*H— P~ ^ » 62' — 3' — IJ' = 47J'. 


Span centre to ^entre of bearings 
* 40 

The centre beam will first be invesfagated 

From Plate XI, Case 11, for longitudinal stringers or beams. 

X* 

Live Load Moment =» (P+Pi) X - — 

L 


lioadsand 
Moniionts uu 
beanu. 


andX--^ — 2-04' — 2-04 =18-71' 

2 2 

..L L M=(22, 400+15, 400) X =8,19,000 ft. lbs. 

. 

This is distributed laterally over a 10 ft. width (Chapter V, 
para. 31). 

Hence on a 7'3* width L L M on beam =2 ,31,000 ft. lbs. 

Dead load of 6* metal+lj^* earth =70 lbs. /sq. ft. 

Dead load of idab at 150 lbs. /c. ft. =78 lbs. /sq. ft. 

Total Dead Load 148 „ 

Dead Load Moment 
_ WL _148 x 7*26 x 41ix41i 
~ 8 ■“ 8 


=2,31,000 ft. lbs. 

Load due to weight of girder below slab 

=3'10'xl'6'xl60 lbs. =815 Iba/ lineal ft. 

XX ,T .. WL 815x414x414 . , 

Dead Load Moment =— » ^ -* =. i ,75,000 ft Iba 

Total Moment = L L M+D L M 
=2, 31,000+(2,31,000+1,76,000) =6,37,000 ft. lbs. 

span 41}' 


Width of T beam flange b : 


4 


=10'4}* 


Uetignof 

Tiean. 


or =(12 X slab thiokne8s)+b' 

«(12x6i')+18'=7'9' 
or=distance centre to centre of beams =7'3' 

. Adopt 7'8*» which is the smallest. 

SeeP]gte:^XXm. 

M 6,37,000X12 t 6}' 

® bd* 87x47ix47} d 

.% j =94 and compressive stress f,=400 lbs. /sq. in. 
.% area of rraoloKoement steel required 

M 6,37,000x12 . 

'Tnrr" ■ iiJ/joox Wxrtt 


•iSL 
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Notai. 


Sliew. 


IV^om Table XXXVI, adc^t 6 ban of 1^' diameter 
=6xl*227*-7-862 sq. in. 

4*2 bars of 1|* din. s2xl‘486-s:2’970 sq. in. 

Total 10'S32 sq. in. 

■Width of beam *= (3 x dia, of bars) + 4' = 8*, bat should not 
bo loss than | of depth. Make 16". 

The ban are laid in 2 layers with an interval of 3", the top layer 
consisting of 4 — IJ' bats, and the bottom layer of 2 — IJ' bars 
and 2 — lH'bars. 

3' of concrete will be given above ^nd below, to cover the bar 
and the stirrups (see below). 

The bars must be securely wired in position, with pacing blocks 
of cement concrete between the 2 layers and chc forms. In the top 
layer 2 bars will be bent up at '25x41 J'sslO't' and 2 at ’IS X 41^' 
s 6'3* from the centre of the bearing, or, (adding half the bearing 
length) 1 1'l ' and 7'0* from the end of tiie beam, reflectively. 

Using Table XXIY and Plate XXIII, the above details are 
obtainable without calculation. 

N Bhottki be noted in regard to the design of the T beam, that it might 
be mi^e much shallower if this were not precluded for practioal reasons, vis. — 
economising in steel, avoidance oi the diifionlties attendant upon placing large 
masses of rors m the beam, and the neoessity of providing a sufficient area 
of eonorete to resist shear. 

Thus for a shallower beam, in which kd is equal to or less than t 
using the results on Plate XXXI as in Example 2, R=^r=». 

whence d •= 30', and area of steel « 16'4 sq, in., which would 
necessitate 8 bars of 1$' diameter. 

The shear would then be about 134 lbs / sq. in., whereas 120 
lbs./ sq. in. is the maximum shear permissible. 

From Plate XI, Case II, for maximum reaction, MayiTr ^ nm 
Beaction of Live Load Shear from Road Roller 

*22.400+ (18,400 X ) *34,100 lbs. 

This is distributed laterally over 10 ft. (Chapter V. para. 31). 

.-.live Load Shear* -24.700 lbs. 

Dead Load * (I48 x 7*26')+816 lbs. 

« 1,885 lbs./ lineal ft. 

D»dl«d Sh«-4 - Ita. 

/. Totaf%heat-L L S+-D L S. 

•»24«700#32*200-a8.900 lbs. 
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Sh^ar per sq, in, f^aa ^^£__ 
b'xjxd. 

63,900 

17' X >94x471^ 

=86 Iba/ sq. in. 

As 60 lb&/ sq. in. is the msxuntun shear allowable in a beam fn^-r PH t i 
unreinforced for shear, this beam will require rdnforoement. foNenMna 

Assuming (that the oonerete carries ^ and the bent bars ^ 
of the shear, half of the shear is left to be carried by stirrups. This 
assumption is much on the safe side, but it is adopted for the 
purpose of getting practical diameters for the stinnp bars, which, 
besides carrying the shear, have to connect the flange to the stem 
of the T beam. • 

s=8pacing of stirrups in inches 

Tensile stress on the steel ^=12,000 lbs./ sq. in. 

Area of one 1^ of stirrup • 

, fvXb'xs 86xl7'yl0' „„ . 

i, 4X12,000 ^ 

Using Idble XXXVII, |* stirrups at 10' centres aierequhed. 

This spacing will bo continued from the end of the girder 

L 411^ ^ 

to — —= — = 10' — 1|" from the centre ; from this point the 

4t 4 

spacing may be 20* to the centre of the q>sn, as the shear de- 
creases from a maximum at the bearing to nearly searo at the centre, 
under a moving load. 

The stirrups are bent U shaped, with their ends hooked over 
two i* diameter bars, and are wired to the main reinforcing bars. 

The camber to be given to the beams Cambet of 

S _40'xl^ „ 

~ 240 240 

Using Table XXIV and Plate XXIII, the above details are 
obtaiirable without calculation. 

Thickness of cement concrete bedstone 
»f K=txl'6'=l'0'. 

Two i' bearing plates will bo provided, each plate securely 
fastened, one to the gird^ and one to the bedstone, by g* diameter 
counter-sunk bolts, the plates to be finished smooth on the sliding 
surfaces. 

A vertical end slab J, 9' thick, will be provided, teinforoed as End Slah 
shown on Plate XXIII. This should bo moulded with the beams, 
in order to retain the bank behind and brace the beanos. The 
under surface of this end slab will be r clear of the bedstone. 

The abutments will be of lime masonry, with face vertical, Abatneati. 
aooording to Plate XVZl, 1. 


Bearingi. 
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Pieoet. 


Beam seat a » 82 '. 

S 40' 

Tliidciiess of bedslione ** i+ “gQ~ 

Height frcnn ground lenrel to suihice of road 
h»15ft. 

Thidcness of abutment at ground level 

>s=*40 h =*40x16 =*6 ft. « 

Depth of foundations =12 ft. 

Total height of abutment H =27 ft. 

Projection of toe =-|^ = 2*7' Say 2'9' . 

* 10 10 

Hence total width of base = 6'+2'9' = 8'9'. As this is about 
Bs *35 H it is satisfactory. , 

The height at which the toe joins the vertical face must not be 
less than 2'9* x 2 = 5'6'. 

To find the approximate pressure on the foundation at the toe : — 

^ ^ .255 u. T= ?- 

•40 H *40 x 27' 4 

B 

From Plate VI, for T =-^ f = *48 p. 

4 

.’.toe pressure f -= *48 x 230 H 
=*48 X 230 X 27 = 3,000 lbs./ sq. ft. 

The toe pressure will probably be increased to about 3,600 Iba/ 
sq. ft. by the weight of the bridge. As the foundation material 
can take 2 tons = 4,480 lbs / sq. ft., the pressures are safe. 

The pressures can bo accurately calculated by the method 
illustrate in Chapter IV, para. 11. 

The abutments will be arranged with 45° splayed W'Ug walls 
as shown on Plate XVII. The wing walls will be designed to fit 
the abutment in accordance with Chapter VI, para. 6. 

The piers will be of cement masonry in accordance with Plate 
XVIII, Type I. 

S ' 

Cap thickness =|H- =44.. — =1'. 

60 ^60 



Wid'di of bearimg E = 1'6'. 

, Hence top width of pier for 
(2K+r) clearance -S'l'. 

This thickness will do for a height of 
6X8' l'-*18'6'. 


Bdhw this level the pier wiH be stepped out to suit the width 
of fonudatibirnecessaty at safe pressures The width <4 the base 
iH)I h4 apiptmdinately. 



BMDQlt 'km': 


■ , ’ ,.H. ■_' ■ 2®* 

tiCAd cu Ifiet Foondatioma 

liveXoad asfmr ShMt. . ’ . . . as34,100lbB« 

Load from 6* metal and slab, my 20' 
wide to allow for kerb 20' (width) x43' 

(length) X Iba/aq. ft. . . . «1,29,000 lbs. 

+Wfight of beams =» 

•3x4a'x815lba/ft.ruii . . . = 1,05,000 Ib a 

Load from Bridge .... =2,68,100 lbs. 

+weight of Pier (approximate) . . . = 3.60,000 lb s. 

- Totalload . . =6,28,100 Ibct; 

Area of base required at 4,480 Iba/ sq. ft. 

« =140 sq. ft. 

4,480 ^ 

A base 6'6” wide by about 26' long is sufficient. 

The straight part of the piers will be 15'6'' long, with/sntwaters 
beyond, as shown on Plate XVTII. 

The beams, kerb, and handrail must be free to move under 
temperature changes of length, and must not interfere with the 
abutments or adjoining parts ; and allowance of 1* movement fox 
every 100 ft. of adjoining span is sufficient. 


Example 6. 

40* B. 8. Joist spans unth reinforced concrete flooring. 

See Plate XIX and Chapter YI, para. 10. 

Roadway 18' wide. 

6* metal, on 11* earth cushion. 

Take the same data as in Example 6. 

Height of Pier will be about 24'. 

Eeonomic span = If x 24' =42' (Chapter V, para 6) 

4 spans of 40 ft. clear to provide 160 ft. clear opening, will be 
slutable. . 

The design will be according to Plate XIX, from which full 
detauls for making the working drawings can be obtained. 

In this des^n the 7 R.S. Joists are at S'l* centres ; ihey suppoct & a Hoot 
a 6f* slab dengned and reini^ed as amply snppocM. This^^ 

‘ steel, at a cost of a slab r 
as GontinttoaSi 

. . ^ 8 should pjiaimiM ' 

- to qttM^qvctt thC'R. Jbniiisi'''iu!ii:d iMii.t]ie 'dkilsct^<;. . 

’^b jbe-'. y«i|^ haif^ loM- is a .V::vf ill 


arradgieitteiit i^mres no bending of 


!;^niAc6nsaismcriiwof thfi.B.S. Joisti 



xi!r#Bnait s»2n»Qb)t'' 


7^* ev^l^ id miadtig matedsi, iu> trouble ueed beantieipttt^ 

: ]^ S or 4 beams usedl, the slsb spetiB weaM require to be/ 
prnifotrfed for ooatimiity, neoMsitatiiig extra labour lor bei)idiii|;i' 
and^laoiiig the steeL 

the oross floor slab' ^ould be designed in the same tuatinw ab 
in Example 4, irith the diSerenoe that it is simply snppqrted. 

The details oan also be obtained direct from Table yrTT. 


R» St.^oliti* 

! ZOadsaud ' 
iiMBMlte. 


Enim Table XIV, }* diameter bars at centres, ^aced with 
their centres 1^ above the bottom of the slab, are required for the* 
6i' R.C. Slab. 


Efieotive span = S+(JH — =s41J' 

40 

From Example 5, the live load moment for a 12 ton road roller 
on a 41i' span = 3,19,000 ft. lbs. (See also Table XII.) 

^ This is assumed as uniformly istributed over a 10 ft. width o£ 
bridge (Chapter V, para. 31). 

Hence the Live Load Moment for one R. S. Joist ^ v 


q»acing 


3,19,^ X 3*^' 
10 


= 98,260 ft. lbs. 





D/ad load of slab and metal =150 lbs./ sq. ft. 

Dead Load Moment for one R. S. Joist 
_ TO ^ ^ 

8 o 

Dead Load Moment from weight of R. S. Joist (assume 75 lbs" 
per lineal ft.) 

^ = 10,200 ft. ibs. 

8 8 

Total bending moment on one R. S. Joist 
= L.L.M.-fD.L.M. 

= 98,260+(99,700+16,200) = 2,14,150 ft. lbs. 

I „ M 2,14,160x12 
Section Modulus = Z = -|-= ” ^2 24 

4 uew British Standard Section R.S. Joist 22* X 7* @ 75 lbs., 

. for which Z = 162, will do. 

s 

Length of Joist on beating = K =4+ 4 ^ 

S^bness of.bedsiiwue,* ^ ■ 

- ^ J'.beanng platw on the bedstone* 
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A 21* ^ 2^* X angle iron epacer will be provided at the SpMe& 
centre o{ the epan, tying the bottom flanges together. 

The xmnforcement bars are laid directly on the B.S. Joists Slab 
jflatnges. Alternate bars are turned up into the kerb, and every 
7th bar has both its ends hooked around the flange of the joists to 
prevent them from spreadmg. The bottmn of the skb is f* below 
the top of, the B.S. Joist flange. 

The design of the abutments and piers is the same as in Example Alw toMint i 
6. The stfaight part of the pierb will be 18' long, with the cutwaters *® 
projecting beyond. 

Example 7. 

B S. Joist Splice. 

See Plate XIX and Chapter VI, para. 13. 


A eplice for a 21" x 7|* (cij 100 lbs. B. S. Joist ib to be designed. 
Section Modulus Z —221. 

b 3= width of flanges in inches, 
d 3= depth of joist. 

t = thickness of web of the joist in inches, 
r — resistance of one rivet in double shear or in bearing in 
the flange. 

Thickness of plate on each side of flange 

_ X-A - ^X221 

8xdxb 8x24'x7|* 

Use I* plates and make the top plate 8* wide. 

Thickness of plate on each .side of web 

= « I X -6* 3= -m" -f. 

Number of xivets in each flange on each side of splico== 

Make 16. 

^ X r 24x4*81 . , , 

r= 4-81 tons for a i" diameter rivet handnveted. The pitch 

is 3|' for J* rivetb, i.e., total pitch = 4 x i* = . 

.*. total length of flange splice plates 
•“16 X 31^ 4:*S^ 

The web plates must have 2 vertical lines of J* rivets at 3i* 
]pitch, on each side of the splice. 


Example 8. 


Masonry arch Bridge iM 25’ spans. 

See Plate XVI and Chapter VI, para. 3. 

18' roadway. Hammer dressed voussoit stone in lime arches. 
A dear opening of 100 lineal feet is teqidted. 
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iirchBing. 


Almtoaniti. 


The height is limited, therefore sn stoh of low rue will bw 

required. Make Rise aa,~2l- 

The httght from the earfece of the road to high flood water level 
is 8'10*, to averege bed levd H'fl', and to the bottom of the 
fonndatione 20'6'’. The height from the erown of the aioh to the 
foondations is about 17'. • 

For economy, the span should be greater than 17', and should be 
as large as the headroom will admit. * 

When drawn to scale 4 spans of 25' seem the most saitable. 

6 spans of 16'8” or 6 spans of 20' would introduce extra piers, 
and would cost more fear excavation and pier masomy, beades 
causing greater obstruction to the stream 

As the headroom is limited, the clearance of the arch above 
observed high flood level should be the min'on nm allowable. 
Distance of water level from springing 
X J (average depth — lise of arch) 

= i (5-66' — 5') = + -33' 

As X is plus, the springing sho,ild be 4* above O.H.FL. or 
(5*66+*33) ss= 6' above average bed level. 

AH the infoimation necessarv foi making the working drawii^s 
Is given on Plato XV[, but to illustrate the equations they will be 
worked out. 


Radius of aich ring 
B=: 


a»Ti* 


(Plate XVI, Equation 2) 
= 18-125' =18' ir 


2 1 

12J+5* 

2x6 

Basic thickness or depth of arch ring. 


^'‘l8-125+12-6 


(Plate YI, Equation 3) 


+ 0-2 =1-8 


This must be multiplied by l-J for Hammer Dressed Voussoir 
stone in lime (see item 15 of Table on Plate XVI), 

.%C = (1-69 X l*i) » 2-12'. Say 2' 

Thickness of abutment at springing 

® 4.~+2' . . (Plate XVI, Equation 3) 

j ^ 10 

18-J2f . 6' 


10 


2'«8'2* 
24 t 

Bade battffwn abutment n ■*-§-■ 


24x8' 

___ 


= 4*8, <.e.» 


batter w4‘f or 2J in. hw^outd pe* ft. TUttMul. 
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ThioIxteM ol footiag, wMoH will be ol lime oonorete » 3'. (Item 
24, Plate XVI.) 

Ab tbe i^ringi]Qg is pradacaUy at water level in this case, the 
height oil the abutment above the footing is 12' — 3' s 9'. As this 
is not more than Ij) E » 9'3*, E does not require to be increased. 

Da=-^^(Plate XVI, Equation 6) 

6'-4-2'2' 

«■ -g -- - =3r. 

The load on the abutment per lineal ft. 

ss 17 tons (item 24, Plate XVI). 

For S, 

Width of abutment 

H 

“ 6'2' {-"Jig — f-1'6' for footing projections 


=r 6'2'+ ^ +1'6' = 9'7'. 

17 tons 

Load per sq ft. s= — = 1’78 tons/ sq. ft 
But H = S -8' 

and the w^ht of 8 ft. of masoniy 
8x160 ^ 

“”2,240 “‘5^*Wsq. ft. 

average load per sq. ft. =1’7& — '54 
=:1*24 tons/ sq ft. 

This is safe as the permissible pressure is 2^ tons/sq ft m 
this ease. 

Top thickness of pier «= S'O* (Item 19, Plate XVI). 

T, .. t. V Total height of Pier 

Bottom width of base approximate 

12 ' 

ss ss6 ft. 

2 


Height of pier above the bottom of the 3' thick footing ss 9 ft. 
This is less than 3 times the tcqi thickness of 3'6'' ( ss lO'O"). 
the footings need not be carried up higher in steps, as would 
be necessary otherwise. 

For H « S. 

Load on piiar foundation per lineal ft. =21 tons (item 23, 
Plate XVZ). 

Load on whole pier ss 21 tons x 20' width » 420 tons. 
Approximate area of pier foundation 
» (6' X 29') « 174 sq. ft. 

420 

/.load par sq. ft. s«2*41 tons/aq. ft. 
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This would reduce to about 2*2 tons/sq. ft. when the 8 ft. height 
of pier is deducted, which is safe for a permissible load of 2| tom/ 
s^* ft. 

.Vo(w— These oahniktiniM for loads on atntme&timdplorfoimdAttOM am •awy 
•pprosunate, but they indicate quickly whether the foundation pressures am nfe 
or not. If the piMsures do not thus appear safe, aoonrate ealcolations should be 
nadsk and the footings enlaiged to give safe pressures on the foundation materia]. 

Example 9. 

Reinforced concrete open ttpandrel arch b> idge u Uh 100 foot epans. 

See Plates XXVII aud XXVIII, also Chapter VI, paras. 22-37, 
and Volume 1 , Chapter I7II. 

Koadway 18' wide, m'^allod. • 

P.C. Concrete 1-2-4 ; lower part of piers only may be 1-2J-5. 

All steel to Biitish Standard Sjiecifications. 

Live Jioad For Floor and Spandrels — 12 ton road roller -f 25 
per cent, impact. 

Live Load For Arch Ribs— 140 lbs./ sq. ft. of roadway 
(Chapter V, para. 81). 

Rise of arch = 25 ft. 

2 arch ribs at 13 ft. centres will be used per span 12 spandrel 
panels each 8' 7' wide will be used per ^an. 

Noxn.— Sufficient details am givon in this Example to illustrate the sperial 
method of design and the methoos of csloulating and designing such reinforced 
concrete bridge work. Details not worked out here shouM m caloulsted and 
designed by the methods drsonbed ni the relevant parts of this Handbook. Plate 
XXvHI gives an necessary workuig details for piaotiosl use, to be amplified and 
adapted as neoessary to suit mdividual case*. 

Flooring. 

moor Slahi. The slabs are semi-continuous at expansion joints, elsewhere 
continuous. For timplieity in design, the flooring will be taken 
as senu-continuous thronghont. 

dear span 8'7'' - width of floor beam 
= 8'7' - r = 7'7'. 

From Table XII, by interpolation, for a 7'7' tqian thickness of 

dab 

s: 8|* (dmple ie. non-continuous) or 71' (continuous) 
as 8^* (semi-oontinuons). 

From Table XIV, lemforoement bars of f' diameter at 
centres will be suitable. The bars will be bent up as shown in Plate 
XXXV. For temperature remlorcement, |* bars at 2'2* centres 
will be given, across the slab. 

^ Floor beams. 

■*«*»«“ Intsrwd-er 

Spam ;-~0eotxe span IS' 
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Roadway eamtilever spenu each 2|' at the two ends. 
Dead load per lineal ft. of span 


snwt. of metalling . 
+vt. of floor dabs . 


70 X 8 


7 ' 

12 


84'xl60 „ 7' 

12 ^ ®12 


-600+J386=1,685 lbs. 

Normal D L M on centre span 

WL* 1,685X13X18 
sa g =35,600 ft Its. 


Loads uA 


D L M on cantilerei (mmos) 

. , WL l,685x2ix2J ^ „ 

=for roadway — ^ = ^ “ - = 5,270 ft. lbs 

+ for handrail, wheel guard, and oantilevei 
7' 

WL=(400X 8 jjj )X 3' = 10,300 

=5,270 f 10 .300=15,570 ft lbs. 
losultant D M on ceuLie span 

=35,600 — 15,670 -20,030 ft lbs 
JVom Table XIII, live load per hneal ft. of flooi beam = 2 2 10 


}S. 


L L M on cenlic span 
WL 2,210 13^ 13 

~ a ~ 8 


47,100 ft. lbs 


and L L M on cantlle^’'eT (minus) 

A ii 


.*. total moment on centre span 
Mi=DLAI fLLM 

= 20,030+47,400 = 67,430 ft lbs. 
and total moment on cantilever 
Mi =ULM +LLM 

= — (15,570 f 7,000)= 22,670 ft lbs. 

End shear on centre span Shear. 

V =from dead load ~^-= = 10,950 lbs 

f from hve load ^ = 14,600 lbs 

Jt "* 

=25,550 lbs 

End shear on can'-i’erei 

V =dead load from roadway =W =1 686 x 2J =4,200 Ibs- 
+dead load from handrail 

7 

and wheel giiard=W=40Qxfl jg .=3,440 „ 



102 MIUTABT SSOINEBIt BKBVIOBS fi&liDBOOS. 


IMgaof 

noor-bAUiii. 

OmtntpK]. 


+UTek>ad«:W«2^X2| . .««S,600ltM. 

■» 18,240 lbs. 


For the centre span of the floor beam 
FVom the etioation 

. V 

Unit shearing stress fyss — 7— — lb8./8q. m. 

Minimum safe cross sectional area for the centra span, against 
an end shear of 30,550 lbs. at 120 lbs /sq. in. safe shearing stress. 
,,, 25,550 

h'H.» _ — : — 2.S2 BO. u 

jxf, -oixm 
A suitable section will be 


b'=ir 


h-=34'’, so that d=24*-2*=22'’ 
and b'xd=242 sq. in. 

This section will be economical, as the depth sabout Ij q^an 
For the design of the T beam, see Plate XXXUI. 

• 13^ 

hs3 sS'O* (as this is the minimum). 


Sttonpa 


M 67,430x15 
bd “ 39 x 22">^ 


_L_ 1L_.37 
a 22 

/.neutral axis is m slab, and from Plate XXXIII the unit 
compressive stress in the conciete 
^=400 Iba/sq. in. approx. 
js-92 

Cross sectional area of ranforcemeiit bars m centre span 


M 


67,430 


-- =s2'49 sq. in. 

fhAA * 


• ] d f, -92 x 22x16,000 

4 bars of I' dia. will be suitable. 

The bars will be bent up as shown on Plate XXXY. 

Necessary width of beam 
»4x(3xj)»10J' 

/. 11' width will be suitable. 

As the shear stress ^approx. 120 Iba/sq. in., U stirrups are 


necessary. 

Assnn^ing that the concrete and the bent up reinforcement 
bars carry half the shear, 

Bnd (pacing of stirrups 


ts* «s8ay 8*. 

4 

'With stlnru|w 12' apart, 

TensioD iLone stirrup 

I.I7? 

' i a . •Mxas' 
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7 600 

Cross sectional area neoeB 8 at 7 for this ™ - - - - »«63 sq. in., 

12)000 

or *32 sq. in. for one arm of the stirrup. 

The spacing should be ^ to } depth of beam. 

Jfrom Table XXXVIl, 

Stirrups of dia. bar, at 7* centres, will be suitable. 

Stirrups yrill be given at this rquusing on the outer thirds of the 
13' ^an ; stirrups will be given in the centre third, at 12* centres, 
for safety, although they are not required theoretically. Exact 
spacing according to the shear would save about 4 stirrups per 
beam in this case, which is not worth consideiing . 

For the cantilever portion of the floor beams : — 
b=ll* 
d=22* 


t=8i*. 

jsE*88 as lor slabs, the tension being in the top and the 
compression in the bottom suxfoce 
End shear per sq. in. 

^ V 13,240 , . 

f»=*T-T 7 = „„ ,, =62 Ibs/sq. m. 

j b d -88x11x22 ' ^ 

As the shear stress is over 60 lbs./sq. m. 

2 U stirrups will be necessary. 

For moment, 

Jkl 22,5TOxl2 

bd» “ 11x22x22 

/. from Plate XXXHI, as ^ =-37 

d 

concrete stress f, a=350 lbs./sq. in. approx. 

Gross sectional area of ronforcement bars 
, M, 22,570 

• j d f, -88 x 22x16,000 ^ 

2 bars (rf f* dia. will be suitable; these must be contmued 

13 

through the outer fourth of the centre q>an (t.e.,— j- =3^' b.). 


»42 


The bent iq> pair of J* reinforoemrait bars of the centre epan 
will be stopped beyond the supports. 


Expansion Joints. 

See Plate XXVm. 

Eipansion jobts will be provided b the floorbg system, 
at the abutments and piers, by giving double floor beams slidbg 
on plates on the tope of the qMtndrel edumns. Details are given 
fjm Plate XXVXIX. These end floor beams are desigaed similarly 


Cantilera 

Span. 


Bupantioa 

Jointis 
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to tbo iutermodiste beoixis dealt with above, with the neceesazy 
modifioatioiu shown. 


SPANOBEt Columns. 


SpAodrel 

(kitmoB. 


Columiu 

onrglaa. 


See Volume I, Chapter VIU. 

Lead on siiandrel column. 

sdoad frciD cmire <(pan of superimpobcd floor beam ^equals 
end shear thereon) 

+load from cantilenrei ( ditto ). 

+load fiom aiching between columns. 

+wt. of spandrel column 

=26 660 + 1.3 240+{s8\ ) POO v(max ) (18' x 2a5) 

=43,390 lbs. 

Oulnide dimension of spandiel column sliould not be less than 
^ length of column 

.’. Minimum cioss section of end column Q8' long) =* 

^AO 

— =14 squaie 
16 

The reiuamiug columns may be 12* square, chamfered 3* on 
the coiners. 

Concrete cioss sectional aiea of 12* (olumu 

=(12* y 12*) - (3* X .3* X 4 i ) =1 26 wi m 
1 per cent, sted ieinfoicemenfc=]-26 s<j in 

4 reinfoicement bar^ of 2* du will be suitable (area=l’76 
sq. in). 

J* binders w ill be given at 12* centi es 

The steel area is c({uivaient to a couetdo ar.^a 
A, (n l)=-]-7C (n-l)=216eq. m. 

total eqimalent concrete aiea of coliunn=126+24*6= 
160‘6 sq. m Say 150 sq in 

For a safe load of 100 lbs /sq in , a column of thi«i size will 
carry 100x100 =60,000 lbs 

The load leing 43,390 lbs, 12*xl2* columns will be amply 
stiong (end columns 14*xll*) 

For aithitectural reasons, spandiel columns over piers will 
bq of the following dimensions at the base, tapered up to the normal 
dimendons U*xl4* 

Width parallel to letogUi of bridge =2'. 

(««1^« distance between the upper edges of the arch riba 
«t die springing). 

Widt!f*acto» the bridge #»8'4* ^ 

(Mtthe width of the arch lib). 
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Abob Bibs. 

A ronigli ptdiminary calculation indioatw tiiat ribs 22' deepx A**®®'* 
40* wide at the crown and 36* deep X 40* wide at the springing 
'wUl be suitable. 

Dead Load per rib, Dead Load. 

At Crown 

=wt. of 9' width of metalling. 

+wt. tof 8J* floor slab 

4wt. of handrail, whec'lguard, and cantilever 
+w{. of floor beam 
-l-wt. of. spandrel arching 
+w\<. of spandrel column 
( 4-wt. of arch rib • 

4-wt. of 4 nb braces 


=(9x70)+(9x]03)-+(68y) 100+ 
(Say) 900 22x40vl50 


1X11X151X160 
8i\ X144 

lx4j^X 11X 2^X150 
^ ‘ ■ 100“ 


=630+927+400+147+105+0+920-1 91 
=3.220 Iba/lineal ft. 

Additional load at springing. 

=for spandrel column (if at end) 

+for increase in dimensions ot arch nb 

_ ,Q- ,, , 24x186 

= @ 186 Iba/sq. ft. — — t= — 

®i a 

I4x4)xse3 p xl60 
144 

where p=mc]insriaon of qirmging line to horLsontal. 

. 4xrise 

=t8n * approx. 

span 

4x26 , „ 

= -r— -=l-0. 

100 

p=46° and Sec p=Sec 45® =1-41 
additional load at springing 
=(S8y) 520+683-33 Sec p or 583-33 See p. 

=620+(683-33xl-41), or (683-33 x 1-41) 

=approK 1,340 or 820 Iba/lineal ft. 

The maximum will be taken. 

^.E.— In ratcobting the loads per ft. at the crown and spruigug the 
average dnneisioas, eU , thioighout the span must be cone deied. 

live Load pear rib @140 Iba/sq. ft. Doad. 

=9x140=1,260 Iba/lineal ft 

As this rib ipas a large rise, the rib axis will be laid out for dead A. 
load+J live load. Awtiah. 
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SttttBseBon 

ArdiBibs. 


Hence (See Chapter VI, para. 80 and Plates XXVII and 

xxvni), W. wUl be takea as 

»3,220+-^ =3860 lbs /lineal ft. 

and W, =3,220+1,340+ lbs /lineal ft 

2 

(Kqurtiml). 

P= TT? (u— 1)] (Equation 8) 

L* (u+6) ' 

Hence p=tan"''= ■ (600+70) 

lOOxlOOxC'36 

rfbt8D-» 1-055 -*46“ 32' 

and Sec. p=Sec 46“ 32' =1-45 

1 , SOX'v' . 

iWD *■ 2,WH) ^ 

Froni this equation, for 

x=10' 20' .W' 40' 45' 50' 

j=945' 3-81' 8-68' 15-68' 20*02' 25' 

The additional dead load at the springuig must now be corrected 
to agice with the m )i e correct value of Sec p , 1 -45 

It then 


=520+850 approx. 

=1,370 lbs /lineal it. 

N B — ^Thib will produce the suae lomlt for tan p when adopted in the 
oaloalatinna for the aioh axis ourve, as amall place, of decimals only ate affee ted 
theimn 


The stresacs on a rib will now be calcnlated, using equations 
10 — ^26 (Chapter V, para 32 and Plate XXVII) 

In these equations (see CShapter V, para. 30) 
w,, =3,220 lbs /lineal ft 
w, =3,220+1, 370=4,590 lbs /lineal ft. 


4,5W 

3~,220 


»W2 


w=l,260 Iba/Uneal ft. 

See. p=l-46 r=25' L=100' 

li,=22*=l-88' h,=86*=8' 

b=40'=S*33' 


F- 

Fttoehtsge of steel reinfoieenient in each ease 
waO-O pm esut. 
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The results, csleoJated by slide rule, are tabulated below : — 


FOE 

Boilmtol 

Thmafe 

Homaohat 

Ctown 

VhnMtat 

Bftflngliig 

Komestat 

iprUigliig 

Shaarat 

SgclnglDg 

Hmi 

Ibi. 

Ke- 
lt. Iba. 

Ts - 

Ibi. 

Ks- 

ft Iba. 

V— 

Ifei. 

0) DMd iMd . 

1 , 72,800 

± 7,000 

2 ^ 60,000 

± 18,600 

1 , 88,500 

<U) livo Load for i;H«. 

81,600 

iMtiOoo 

• • 

• • 

• • 

Ott) UTFUMd«l>I+H< 

60,600 

.. 

78,000 

+ 8 , 16,000 

26,800 

<|T)II\eLoadfor— Hi 

16,600 

.. 

24,800 

> 2 , 62,000 

42,000 

<v) Toinperoture 
ohangea (uaing he). 

± 4,450 

T 27,760 

± 8,070 

± 88,800 

•• 

<vi) Arch BhoxtenmF 

— 1,790 

+ 11,200 

— 1,280 

— 88,700 

.. 



• 


[ 


+ 4 , M 0 i « 2 , 08 , SM ). 






<vl]) Li>e Load o^er 
ifthole spaa. 

68,000 

1 

•• 

•• 


68,000 


The crown and fipringing sections must le designed Vo carry 
the worst probable combination of stresses, the resultant com- 
pressive unit stress f, not to exceed approx. 600 lbs /sq. in. fox 
net load results (i), (ii), (iii) and (iv), and if not to exceed 
approx. 750 lbs /sq. in. when allowing for temperature and arch 
shortening alterations (v) and (vi). 

For the Crown Section : — 

Take the combinations of corresponding values giving the ^ 
greatest stresses from the tabulated results above. Settion. 

For dead load-f live load excentricity of thrust from arch 
axis. 


Moment _7,900-f-l,16,000 

“ Thrust “"ll "i772]^-|3],r)00 
I’22.900 
2,03,800 


e 


•603 


From Plate XXXIV, for ’06 per cent, steel in each face and 


e 

I 


—33, 


M 

bh*f,. 


—127 


oompressive unit stress 


. 1,22,900x12 

® 40 x 22*X*127 


ss 600 lbs./ 


uq. in. 

iJlowing for temperature changes and arch shortening (the 
positive values for chaugoi in M«, combined with the oostespood- 
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Designof 

Springing 

Section* 


ing Dfigative valnes for obangeb in H, obviousljr give the worst 
results) 

M, ^l,22,900+{27.760+ll,200) 

* fl “ 2,03,800-<4,450-|-1,790) 

1,97,660 

. i •®1».448 

•• he 1-83 

Hence, from Plate XXXI\', 

which is near enough to the safe stress t f 760 Ihb /sq. in. 

Por the Springing Seetbn : — 

Take ^ the combinations of corresponding values giving the 
worst stresses from the tabulated results above, 

For dead load jim live load. 

^ M, _ 18,800+3,16,000 
® ‘T, “2,50,000+73,000 

" 3,23.000 


Hence foom Plato XXXIV, 
M 


=-128 


b h*fe 

- 33,800x 12 /»A*> 11. / 

• • f."" ,-:rr. lbs./Bq. in. 

* 40 x36*X-]28 ' ^ 

=600 approx. 

Allowing for temperature changes, to give the worst results, 
M, 3,33,800+83,300 4,17,100 , 

T,‘ ” 8,23,000+3,070 "3,26,070 
e 1*28 

•' h, 3 

Hence from Plate XXXIV, 


, g 4,17,100x12 nn iv,a /a„ In 
— ---=742 lbS./8q. in. 

' 40x86*X’13 


=760 apprmc. 

As tiie stiS^Ms at both crown and springing are satisfactory,, 
Of awawc. secthm assumed, »<*., 22" deipx40* wide at tiie crow b 
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«nd 86* deepx40* wide at the spiinging, will be adopted. (It 
18 to be iK>^ that several trials had to be made before tito 
section was arrived at). 

Ffde plate XXVII, the depths of the arch rib at quarter 
points along its asis from the crown will bo ;~ 

•89ho+-llb.*^(-89x 22)+(-ll x 36) =23-56' 
•78hoi|--22b,=(-78x22)+(-22x36)=25-r 
•60hef •40b,=(-60x 22)+{-40x36) =27-6' 

Area of steel reinforcement at crown 
A, =epbd a® ‘006 X 40 X 22 
=4-4 sq. in. 

Tide Table ^[XXVl, use 6 bars of 1' dia. in each face. 

Area of steel reinforcement At springing 
Ak=pbd='00.5 X 40x 36 
=7-2 sq. in. 

Use 9 bats of 1' dia. in each face, i.e., strengthen the reinforce* 
ment at the springing by 3 additional 1' bars in each face. 

These 3 bars will be stopped at =10 ft. above the spring- 

• Av 

Mg. 


Steel Bein- 
foroement. 


AU of the arch reinforcement bars must be carried down well 
into the abutments and piers, in order to develop the moment 
occurring at the springing. In this example (see Plate XXVIII) 
the rrinforcement is continued to the footings of the piers. This 
is not essential, but it is desirable as strengthening the piers at 
small additional expense. 


The main bars will be 3* from the surface. No additional 
ooncrete is necessary to cover the bars, as is required in beams. 

The arch rib main bars will be bound at 18' centres by ^ di'-m. 
wire hooping. 

All splices must be staggered and the oars lapped and wireJ 
for 60 diameters ; the ends of the bars must be hooked. 

Full details of the design are shown on Plate XXVIII. 

See Chapter VI, para. 31, and Plates XXVII and XXVIII. 

The arch axis is set out by plotting the values of x and y found 
Above. Additional co-ordinates can be calculated and inter 
polated. In this esse a 3 centered curve will be found to fit well 
over the points so plotted The change in the radius is at 20 ft. 
from the qiringing or 30 ft. from the crou-n. 

From Plate XXVIT and Chapter VI, para. 31. 

(8d)*+(bd)* 


The centre radius R- 


2bd 
2x8-68 


(Equation 4). 


lA.*allaol 

BesigiA 

Setting out 
the Arohe 
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AtdilUb 

Bimm. 


maA 

Bmmmm. 


Sin 6«s 


ad 

R 


. (Equation 6] 



»=-634».sin 32° 17'. 


.•.e»32“17' 
cos 6ss.846 


The outer radius 


(ef)*+(ed)« 


2 (ed. cos 6 — e£. sin 6) 


-(Equation 6). 


2[(16.32x*84S)-(20x*{)34)] 


The diagram on Plato XXVIl iUustrates how the positions of 
the centres are found. The arch axis having been set out, the 
arch rib thicknesses or depths, as calculated above, will be laid oil 
at 4 equidistant points along the arch axis. The centres for the 
intrados and extrados curves, which will be equidistant on each 
side of the arch axis oenties, will be found by determining their 
centre and outer radii by trial and eiror. In this case, it will be 
found that these centres will come about 2^ ft. and 8 ft. on each 
side of the arch axis centre. 


Abch Bib Bbaces. 

The arch ribs arc columns, and require braces between them 
at intervals not exceeding 8 tunes the width of tlie libs, i.e., in 
this case at intervals not exceeding 8x40*=- 26'8'. 

The width of these braces parallel to the arch axes should be 
approximately the same as the mean doiith of the arch ribs, i.e., 
in this case 29* ; their depth should be not less than ^ ot the 
distance between the arch ribs, i.e., in this case not less than 
X]3'=-1'3* approximate. 

The actual spacing of the braces must conform to the design 
of the biidge. Kiaces opposite alternate spandrel columns, i.e., 
at intervals of 21', will be suitable, of dimensions 2' 6* widex 1' 3' 
deep, and reinforced with 0*5 per cent, steel in each face. 8 bars 
of }* diameter will be suitable for the remforoement ; these bars 
will be carried aeross both arch ribs. Braces aie not required at 
or near the crown, as the floor beams and flooring here brace the 
ribs suflElciently. There will therefore be four braces per qian 
two on each side of the crown (see Plate XXVIII). 


WllTD PitxsstmE, 

The ai«h ncwil not be inveslagated for wind pressure, as the 
vertiml aurfaowis so small and f^e dead load prcpoctiouatdiy so 
great, that wind pressure will cause but negligible alterations in 
ihe stresses. 
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i^e top widtaia of the piers will be made=2h,-6ft., with » 

ride hotter of 18 over 1 to the fouDdataon. . , ^ j j 

In this ease, the horiaontsl thrusts on the pier due to dead 

load, tamperattire changes, and Arch sh^e^, 

TheSsign will therefore be tested for dead load and the most 
unfavouiable case of live load. : The latter occurs under the con- 
ditions catered for in item (iii) of the tabulated str^ results, m 
which the positive moment at the springing M, gives a homontal 
thrust H of 60,600 lbs.; this acts at a distance. 

^ _3jl6,000' ^.25 ft. approx, above the centre of the 

H " "50,600 

*^*^^^(^81 vertical load on the pier, from one arch nb in each 
span. 

— load from two spans. 

-f-Live load fron one span 

+Weight of ^andrel coliunn abox^e pier 

+'Weight of portion over the pier between the two arch 


s=2V (item (i) of tabulated stress results). 

4-V *for 4- M. (item (in) of tabulated stress results) 

.PP- 


2 


2 


X 3J X 3i X 160 lbs., approx. 

=(2 X 1,83, 600)+25, 200+12, 000+8, 700 
=4,13,000 lbs. approx. . 

Excentricity of resultant force on pier from centre ot pier 
Live Load Moment M, 


Vertical load 
8,15,000 ft. lbs. 


=•76 ft. 


“ 4,13,000 lbs. • . vt,. ..V 

As the pier is 6 ft.* wide, the resultant force acts uithin the 

middle third, which is satisfactory. ^ 

Consider the unit stress on a section of the pier 6 wide x 12 

long. 

Load 

Direct «tre!W*-:g^ 

=6,700 lbs./sq. ft. appwa; 

, r “ 12x6 : „ ' 

' in afcreai on account of excewtiaciiy .. 
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12 x 6 ’ 


/.Manmnin stress sS, 700+4,400 

al 0 , 100 lb 8 ./sq. ft. 

—70 lbs./sq. in. 

-wbioh is safe. 

Consider the pier foundation, winch will be tfpproxiinatty 
25 ft. below the intersection of the aroh axes. 

Monientssflx(6'25-i 25) ' 

—50,500x81*25^=15.80,000 ft. lbs. approx. 

Total vertical load (from one rib in each span) 

-vertical load on ^ pier 
+weight of 2 the pier , 

=4,18,000+say (25xl0ix29xl50xJ) 
=4,13,000+5,71,000=9,84,000 Iba 

Exoentrioity of resultant force from centre of foundation 
< Moment 
Vertical load~ 


1530,000 


»l -6 ft. 


9,84,000 

As the foundation will be approximately 15 ft. wide, the re> 
sultant force outs the foundation within the middle third, which 
is satisfactory. 

Contider the unit stress on half the foundations, say 15' widex 
17' long. 

Direct stress = ^”*5 
bxd 

— =3,900 lb8./sq. ft. approx. 

17x15 

Additional stress due to excentricitv 
_ 6 xM 
" bd* 


6x15,80,000 

17X16* 


=25,000 


/.Approximate maximum stiess 
=3,900-1 2,500 
» 6,400 ibs./ 8 q. ft. 

= 2*86 tons/sq. ft. 

(This is a safe stress for any matetial on which an arched bridge 
foundation is permissible (See Chapter VI, para. 23). 

It will ho seen that a large difierence in the value of the moment 
assumed above %ould not appretiably affect the design*'. 

’jRie abovskrapproedmate method for arches does not introduce 
any large error, and such errors as occur axe comparatively small 
land on the safe side. 
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The piers should also be analysed for live load on both ad- 
jacent ^ans, but such loading is not so severe in this case as the 
loading adc^ted in the above calculations. 

The design of the abutments sliould be analysed similarly, Aimianeiita. 
including consideration of the increases in stiesses due to tempera- 
ture changes, and of the iveight of miseellaneons bridge details 
and the eftecti of backfill pressure. Where the back fare of the 
abutment is built against rook, the resultant force on the abutment 
must act within the middle third of the base plane at right angles 
thereto ; otherwise the resultant must act ivithin the middle third 
of the horsontal base plane. 

(See Chapter \l — desian of piers and abutments, and Chajiter 
IV— retaining walls). 

Full details of the design ai e sliown on Plate XXVIll. Detaib of 

Dm4po 

In cases where the piers and abutments are founded on wells, Well Fouade- 
they should he designed above the wells on the above principles. 

Exaupli: 10. 

lOOfoolipan teinfotcedconctitefiVcd&jxtndrel mchbndge. 

Sec Plates XXVTI and XXIX, and Chapter VI. paias. 22-37 
also Volume I, Chapter VII, and Example 9. 


Boadway 18' wide, metalled. 

P. C. concrete 1-2-4. 

All steel to British Standard Specifications. 

Live Load : — 

For Floor— 12 ton road roller-f-25 per cent, impact. 
For Arch Ring— 140 lbs. per sq. ft. of loadw'ay. 
Rise of Arch— 15 ft. 

Width of Arch- 20 ft. approx. 


Details for the spandid walls and the arch ring will be cal- 
culated : the lemamder of the dedgn will conform to that workinl 
out in Example 9, with suitable modifications : difieroioes and 
details not referred to are illustrated in Plate XXIX. 

Spaitdbki. Walls. 

(See Chapter IV.) 

The spandrel walls are oantileveis resaling tiie lateral earth S^dnl 
pressure of the filling with tike superimposed load. 

Average angle of rq>ose of rammed fillingn 87^ 
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1>68ii;n of 

15' heigs'it oi- 

«panirel 

vaU. 


Wot tliifli fnutt Tsble VII, ratio of horiaooial to vertical p>ee* 
mra 

C=-25 

The weight of the filling may be taken as 120 lb8./o.ft. 

.% eqoivoleat lateral preasue 
w<Bt*25xl20s30 lba/o.ft. 

To allow for the concentrated load of a road roller, tiie wall 
will be designed for 3' greater htight above the roai^ snr^a 

The depth of tiie fill varies from 17' at the sptinging to 2' at 
the crown. 

The hfflght of the spandrti walls for design mil. vary from 
20' to 6'. 

For a 16' height—l' wide 

Moment S3 — 

6 


30x15* 

“6 


ssl6,800 ft. lbs. 


I>eu{^ of 
otluw height* 
of (peodtel 



16,^00X12 _ 
95X12 


Adding 1|', 

Thickness h==15* at arch iing : 


h tapers to 0' at the top. 
Area ox reinforcement 


A,=pba=-0067xl2xl3-3 
3s 1*07 sq. in. 

From Table XXXVU, y bars at 7' centres will do. 


Half 


of these reinforcement bars can be stopped about half way up. 
The remaining heights of spandrel wall rvill be designed timi* 


larly. 

According as the wall is greater or less in height, the thick- 
ness h will be greater or less and the spacing of the bars will be 
less or greater. 


Arch Ring. 


Arch Bing 

Tnfl 

Seotfen. 

Load*. 


Try depth at crown ho=20''=l''67 
Try d^th springing h,=27*=52'’25 

The loads and stress^ will be worked out iox a 12* width of 
arch ring, the weight of kerbs, parapets and spandrel walls being 
taken as unifonn!^ distxibutfj^ over the fall 20' width of aibb 
ring. 

Dead load per lineal ft. at crown 
W*«.606lb8./8q. ft. 

Dead hMdspev lineal ft. at ^ringing 
W(a4l,446 Ibn/eq. ft. 
live load W<i*U0 IbA/lineal ft 
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* 


"4:=" 

Inclinaticm of ^ringing line to horizontal 
p=tan-‘-835«39* 31' 

Sec. p=l-30 

Coordinates of arch axis t\irve 
For 

x=ie' 20' 30' 40' 45' 50' 

y^-375' 1-612' 1-03' 8-25' 11-25' 15' 

Allow for changes in temperature t— ±20° 

Approximate stress results on a 12"' width of the arch ring. 


roB 

Hoiirontal 

Throat 

u- 

lb. 

• 

Moment at 
down 

M,- 

ft lie. 

Thmtat 

bprmging 

T.- 

IhB 

Moment at 
Springing 

M.- 

i( Ibi 

ShOfli at 
Springing 

V,- 

lb< 

(i) Dead Load . 

00,000 

±2,880 

89,700 

±5,050 

57,600 

(a) UnljuAtm+Mf 

5,860 

±12,700 

.. 

.. 

.. 

ui) Live Load for+M, 

9,320 

.. 

12,100 

+46,700 

.. 

(iv) Live Load 

3,110 

.. 

4,050 

—28,000 

• • 

•(V) lem perature i 
changei. 

±1,800 

T 7,000 

±1.430 

±21,000 

•• 

in) Arch BhoTtening 






+I.8W>?4710). 

—1,260 

+4.740 

-970 

-14,200 

• • 

(vU) Live Load over 
whole span 

11,700 

- 

•• 

• 

7,000 


-{-Me conditions will be taken for the design of the crown 
section as they are more severe than for - 
For dead load-j-live load 


_ Me 2.880-1-12.700 15.580 , 

H" 69.000-f-6.850 “ 74.850’ " 

. -1= -I®* =-125 
•'h, 1-67 

From Plato XXXIV, 

0 

for 0-5 per cent, steel reinfotoemait and »‘125 

. , 16,680x12 , . 

*468 Iba/sq. in. 


12x20»X-086 


esb 


M, _ 15, 580+(7, 000+4, 740) 
H "74,860--(1,880+1,2«0) 


i.]n. 

J 


Carve of 
arohaxis 


btioBses on 
Arch King. 


Design of 
Orovn Sec- 
tion 
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DMigaof 

S^ingbig 

Seotion. 


27,320 


•38' 


71,730 

. _e ^8 

he ■" 1-67 
Hence from Plate XXXTV 
M 


•228 


bhM, 

.*.fe“ 


•118 

27,320x12 


=680 lbs./s(i. in. 


12x20*x-118 

This is well within the permissible limit off 760 lbs. /sq. in. 

Owing to the mai^ns in the resultant compresfdve unit stresses 
in the concrete as compared with the permissible safe unit stresses, 
a 20* depth at the crown is unnecessary. 

The depth of the arch ring at the crown may be reduced to 
approximate. 

^X^-^=17-6' 


600 


or 20x 


/ 


S80 

7-50 


Make the crown depth h,=sl8*. 

-fM, conditions will be taken for the design of the springing 
section, as they are more se\'ere than for — M, . 

Por dead load+live load. 

_ 5,0604-46,700 
®“ T, 89,700+12,100 
61,760 


101,800 


=•61' 


e 


■ = -227 
2-25 


M 


-bSf, 

.’.f _gQ^ Ibs./sq. in. 

" 12X27»X'118 

=safe limit. 

Allowing for temperature changes^ to give the woTbt results 
M. 51,760+5^1,000 
T, *"1,01,800+1,430 
_ 7 2,750 _ 

- 1,08, 230” 

** h,“'’2-26 
Hence from Plate XX X I V 
M 


•705' 

=•313 


bh«l. 


•127 
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. . _ 72,75(>X12 

'■ *“ 12X27»X-127 


=790 lbs /% in. 


‘wbicb is above the safe Kmit of 760 lbs./s<x, in. 

Also fcbe reinforcement steel tonsilo stress is less than 15 f, 
i.e,, less than 15x 790=11,800 lbs./sq. in., which is uneconomicaL 
(See Volume I, Chapter VIII.) 

To reduce* the compressive unit stress in the concrete to the 
safe limit of 750 lbs./8ii. in., the depth of the arch ring at the 
springing must be increased to approximately. 

27 X / =27'9' 

V 750 


Make the springing dqith hs=28*. 

The arch ring wUl therefore l»e 18* deq> at the crown, and 28* DimenaoM 
deep at the springing. 

Vide Plate XXVII, the depth of the arch ring at qnaiiier points 
along its axis from the crown will bo . 

•89he+*llh,=(-89x 18)4 (-11 X 28) =19-08* 

•78h. +-22h,=(-78x 18)+(-22 X 20) =20-15* 

-C0ho+40h, =(-60X18) +(-40 x 28)=22*. 

Area of steel reinforcement at crown 
. Aj=pbd=-005 X 12 X 18 =1-08 sq. in. 

From Table XXXVII, 1* diameter bars at 9* centres will be 
suitable, in each face 


Steel lein* 
forcement 


Area of steel reinforcement at springing 
Aj =pbd =-005 X 12 X 28 
=1-68 sq. in. 

Deducting the area of the two 1* hors, the area of the 
additional reinforcement necessary at the spring ng=r68— 
1-06 =‘63 sq. in. 

From Table XXXVII, use I* bars at 9* centres, in each 


lace. These |* bars urill be stopped at *’^*^** =10 ft. above th® 
springing. 

All of the bars will be carried down into the abutments to a 
depth=80 diameters, ».c., 6'8* in the case of the 1" bars and 5' 
in the case of the f* bars. The bars will be 2J* from the sur- 
iace. 

I* diametegr binding bars, endrcling the two layers of re- 
inforcement bars, win bo inserted at intervals of 2j)', to bind 
the material of the aroh ring together. 

Full details of the design are shown on Plate XXIX. Detaita of 

See Chapter yi, para. 31 and Plates XXVn and XXIX. ' *****"" 

The aroh axis is set out by plotting the values of x and y out 
i ottud above* the Atoh* 
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In this case a 3 centred curve will be found to fit the points, 
departing from the exact cuive not moio than ^ of the arch 
ring depth. The change in the radius is at 20 ft. from the s-pring- 
ing or 30 ft. from the crown. 

From Plate XXVll and Chapter VI, para. 31, 

The centre radius 
, (ad)» I (l.d)* 

**- 2M - 


30* f 1-05* 


Sin 6 


2x4-05 
ad 

IT 


111-3 tt 


- -2656 -Sin 15® 21' 

ni-3 

.•.0-1.T21' 
t'o»^ 0- -9611 
The out(*r radius 


__ (ef)* f (ed)* 

2 (ed, cos 0 -ef sin 0 
20* I 10-95* 

2 f(10-%x-961) (20x-2fiG)] 


19-0 ft 


Tlie arch ting depths, as calculated above, will now be laid off 
at 4 equidistant points along the oreli axis, and the centies tor the 
intrados and extiados found bv tiial ,'ind ciror, and rhe intrados 
4nd extrados finally plotted, as in Example 9. 

JS thib I xAmple II is fnvattr than T<] ^nhercas m Example 0 Bi,ib Rreateithan 

Ihh diffcTtnoo IS due tu the Uiihicnci in the dwtnbution ot tlie dead load along the ajan in ti o 
u*ies of the hlkd and oitu ^pandn I dostgii**. 
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CHAPTER Vm. 

Causeways and training works. 

Introductory— Causeways— Training and Protection Worlts. 

Intboductoby. 

a 

1. General ibstructions r^arding the use and principles of 
constiuotion of causeways and protection works are given in 
Chapter II. 

Methods of calculation and design are given in this Chapter. 

Substantial construction, intelligently design^ mth due re- 
gard to the conditions to be met, is essenlaal in all cases. 

Causeways. 

2. The main principles in the design -of a causeway are that 

it must not contract the stream, that it must maintain a firm of causeways 
roadway against damage by floods, erosion, or movement of the 
nala bed, and that it should be set out at right angles to the current, 
to avoid scouring along the upstream wall. 

In wide straggling nalas with two or more streams, these should 
when practicable be trained through one causeway of length equal 
to the aggregate width of all the streams at observed Ugh flood 
level. Small subsidiary streams can sometimes be provided for 
by a culvert in the embankment. The embankment if liable to 
erodon by floods must be protected by dry stone walling or pitch- 
ing carri^ at least 3 ft. below the mla bed level and ft. above 
observed high flood level. 

Causeways should be set out on the site by an officer ; this duty 
must not be left to a subordinate. 

3. Causeways may be built of masonry, concrete, or reinforced 
concrete. The reinforced concrete type, though more trmible- ®**“*’''*y»* 
some to build, has tixe advantages that it is not liable to fail in 

detail, ^en after severe ^our, and that its maintenance and 
r^air costs will be small. 

Causewa/s may be designed with deep upstream and down- 
stream walls with no proteefion^work, or with shallow walls, pro- ‘ 
tected by boulder filled we mattresses, or by a mnforced con- 
crete b 1(^ apron, bdow the downstream wali. 

Protection work of a^ kind is costly, and requites repnTS 
aiket etieiy fiood> and more ekcfivation during oonttnection. It 
IS ch^lier to constHuct the up and downstream walls deep enough 

Upt^.V^hiS pnipose aoffieient 
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JMsOsof 

caqaawajs. 


Upstream 

Wail. 


Downstream 

Wall. 


snitable tuaberiog and powerfal pomps for onwatering must be 
provided. 

i. Gonstrootiona] details for causeways are given in Plate 
XXXIX, Figures 1 and 2. 

These designs illustrate 18' wide causeways (suitable for Cilass 
I and II roads) constructed in masonry with cement concrete 
flooring, or in reinforced concrete throughout, and ihe formulss 
are also given for the calculation of the depths of th^ drop walls, 
in terms of the average depth of water over the causeway at high 
flood. 

5. The upstream wall foundations must be taken below scour 
level, which may be ascertained by trial pits. 

A rough rule is that the depth <of scour below bed level =half 
the d^th of water at observed high flood=li d. 

The foundations should be taken ft. below the scour at the 
detest poiht, subject to a minimum total dqtth of 3| ft. Where 
the upstream wall is not normal to the current, the foundations 
should be 50 per cent, deeper. 

The thickness of the masonry should be one-third of the height 

h 

of the wall, i.e.,=— 

6. The downstream wall is subject to the scouring action of 
the water, which forms a water cushion. 

A water cushion formula for falls in canals with small velo- 
dities is 


x=h-l-l*5 -y/ d y' h 

where zs depth of cushion below upper floor of fall or cause* 
way. 

he.fall in water surface at the waterfall or causeway. 
v=velooity of stream in ft. per second, 
d— average depth of water. 

In swiftly flowing streams, however, this formula must be 
nj^fied to dlow for the velodfy. 

Hence for causeway 

V* 

hssvelodty head=,.-yrT- 
64*4 


athl instrad of d um d h in the above formula 
. . .‘.zadi+i-e ^“d+h :-^nr „ 

'F:oir.'T*^d.;#enms.hs»^a^Joxi^ gnd x*=lj d. 

be toij'd-f-i ft., and. nipt Ijasa'itJiaii;., 
' .bajiri; .bsd%' ' In ^fdy'.belds ' 
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The def fchs of water cushions formed on existing causeways 
during floods should be observed and recorded for guidance. 

The thickness of the masonry should be one-third of the height 
H 

of the wall, i.e., = — . 

3 

7. Where, after practical experience of floods, protection Protection 
mattresses pjrove necessary, mattresses in wire trangaring should **»****“«<• 
be securely attached to the eyebolts already embedded in the 
downstream wall (see ligure 1 on Plate XXXIX), extending down- 
stream to a distance=H {i.e., not less than 2d), or the observed 
length of scofir if greater. 

8. The surface of the causeway should follow the nala bed of 
level and the slope of the bai^s, all changes in gradient being 

eased off by vertical curves. 

The causeway cross surface should slope downstream at the 
same slope as the nala bed, subject to a nutximum of 1 in 30. 

The upstream and downstream walls should be ronhded on 
their outer edges, and they should enclose and be flush with the 
causeway surface. 

9. The slopes or ramps at the ends of the causeway ^ould Ramps, 
follow the bank, with a maximum gradient of 1 in 14, and be con- 
tinued to IJ ft. above observed high flood level. Where the banks 

are steeper than 1 in 14, no part of the ramp below observed high 
flood level should project b^ond the bank. 

Where the ramps of existing causeways project into the stream, 
pyramidal boulder filling should be placed across the angles be- 
tween the upstream sides of the ramps and the banks. 

10. These are put in at changes of gradient according to the Vertical 
method shown on Plate XXXIX, Fi^re 3, by lowering the road 

or causeway surface at salients, and raising it at re-entrants. 

An example is as follows : — 

Approach at 1 in 110 down . 

End of causeway at 1 in 14 down, length 80 ft. 

Causeway from foot of 1 in 14 slope is at 1 in 46 down. 

Then for upper curve x=- ^ ^ =-06 

n m 14 46 

andD=-iL=,_^=60ft. 

X -06 

*.e., if the 1 in 14 slt^e were 48-1-60=^108 ft. long or iongm, these 
I two curves could be put in and the road lowered and raised on the 
upper and lower, ouxvan respectivdy by the amounts ^own. If 
the dope long«r than 106 ft., there would be a sfxaight part 
at 1 in 14 between the ends of the But as the total length 

a ^ the amounts the road is Wm:ed or 
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80 

raised must bo all multiplied by *“ 

and *74 D (48 and 60 ft.)=36 ft. and 44 ft. so that the road must 
be lowered or raised by the amounts shown on Plate XXXIX 
multiplied by *74, i.e., by 

•037' -14' -31' -55'. 

The curves can be lengthened, and the alterations to the road 
surface increased, in a similar manner. 

The same method is used for easing ofE changes of gradient 
in the causeway proper. 

Souppen. 31. The uses of scuppers, which are a miniature form of cause- 
way, are given in the general specification (Chapter II). 

Scuppers correspond to causeways as culverts to bridges. 
They extend across the entire formation width. 

They may be surfaced with dry stone, stone in lime concrete, 
or cement concrete on lime concrete. Dry stone surfacing should . 
not as a rule be used except upon unmetalled cart roads and pack 
transport roads. Cement concrete surfacing is usually the best 
for scuppers on M. T. roads (they should not be used in Class I 
roads), as in the case of causeways, where not unduly expen- 
sive. 

A scupper should be laid down in three curves in the direction 
of the road alignment, convex at the ends and concave in the middle, 
with the requisite cross slope of 1 in 12 to 1 in 30. Longitudinal 
and transverse hill road sections, illustrating scuppers, are given 
in Plate XL. 

Specifica- 12. The materials and workmanship in all road structures 
tions. (including causeways and scuppers) must conform to the specifica- 
tions laid down for building work generally (see Volume I Build- 
ings and General), as applicable, amplified by the speoificationB 
given in this Chapter and in Chapter VI. All road structure 
work demands the best materials and workmanship, in an especial 
degree. 


Training and Protection Works. 


Obasesof 

vorks. 


13. Training and protection works are provided : — 

(i) To protect bridge or causeway approaches from erosion, 
and to ^uide the current straight through or across 


the bridge or causeway. 

(ii) To protect an exposed road embankment, running along 
the bank of s stream ^ otherwise liable to. erosion by 

Genial relatii^ io protection woarks 

' ^ A '''Bill# 
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14. Trainmg bunds will usually be necessary for bridges and 
causeways where the wateiway is contracted by the abutments traidng^ 
or by the banks, or where tributaries or bends or other causes 
above the site produce diagonal currents. 

The Bell Bund system is generally suitable. 

Bridge or causeway trahiiiig bunds should be parallel to the 
main current for a length upstream equal to the length of the 
bridge and downstream for to ^ of this length. 

The exposed ends of training bunds should be curved back ato 
HO® to 120®, *and be provided with impregnable heads of ample 
dimensions to safely resist all floods. 

16. Road embankments liable to longitudinal scour and erosion 
are best protected by bunds built out into the river bed at a slight works, 
angle, not exceeding 30®, with the current behind and below which 
silting will occur. 

The heads of these bunds must be w^ell built into thie bank. 

Th^ should not project too far into the river bed, and a series of 
such bunds is often necessary, the intervals being determined 
by their angle and length, and consequent; protective capacity, 
having regard to the silting effect produced. The toes or lower 
ends of these bunds must be made as impregnable as possible 
against scour. 

Intervals, angles, and lengths can only be deteimined by study 
and experience, Avitli particular regard to the type of stream or 
flood, the nature of the bed, and local conditions generally in each 
case. 

As a rough exemplary rule, w^here the main current is approxi- 
mately parallel to the bank, bunds 100 ft. long at an angle of 30® 
with the bank or current may be sited lSO feet apart, in a silting 
river or nala of average velo(?itv. 

Short stout projecting spurs or groins are sometimes used for 
this purpose, to break up the current and stop erosion by causing 
silting between the spurs. As these obstruct and force the water 
rather than lead it, their preferential use is not advocated except 
in special cases. For slow moving overflow floods in flat country, 
pitching, combined where necessary with spur bunds, is generally 
suitable (see also Chapter X, para. 31). 

Where, as sometimes occurs in hill roads, a section of the road 
has to be Suilt in embankment along a torrential or fast river 
bank, at a point where the full force of the current impinges^ 
on the outer side of a general curve in a contracted river bed 
alignment), a pucoa stone masonry retaining wall is necessary, 
the f onndatib^ being taken down to twice the depth of ma ximum 
scour and pix>tected where necessai^ by an apron of boulder mattres- 
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Wixe Crate 
Work. 


The slopes should not be steeper than from 1/1 to 1/1|. The 
stoQe pitching on the exposed face must be hand paeked, and nn- 
iess boulders large enough to resist movement by the current 
(see Chapter V) can be definitely procured in sufficiently large 
quantities, the pitching should consist of the largest stones avail- 
able packed in wire mattressing or trangaring of suitable thick- 
ness (1-2 feet) ; individual mattresses should not less than 
6' X 3' in size, and must be securely joined together. , 

The protective pitching must be carried round the exposed 
end or ends of a bund. 

A boulder mattress apron should be provided, for protec- 
iuon against scour, along l^e erqtosed toe of the bund in cross 
section, well fastened into the interior of the bund. 

As' a general rule, the width of the aprOn should be 1| times 
the scour, increased at exposed ends to twice the scour, and where 
exoq)tiopal velocities are to be coped with to 2^ times the scour. 

The thickness of the apron should equal the thickness of the 
pitching (1 to 2 feet). It is sometimes advisable to increase this 
thickness 50 per cent, at the outer edge, in the form of a square. 

17. The following specification describes the construction of 
we crates. This is applicable, with suitable modifications, to 
boulder mattressing for the protection of the toes of training 
bunds or footings retaining walls impinged upon by a stream 
as well as to self-contained boulder crate protection works, which 
are particularly used to protect existing structures. 

The usual unit size for a boulder crate, considered p&r se, is 
10'x5'x4'; small crates are preferable where there is danger 
of unequal subsidence or overturning, or where they have to be 
dropped into deep water, and in such cases the usual 10'x5'x4' 
crate is divided into two 6' compartments by cross netting. A con- 
venient size for mattresses, which, as already remarked, should 
not be of smaller unit size than fi'xS'xT thick, is 26'xl0'x2', 
but the dimensions depend upon the individual requirements; 
cthttresses iu excess of the latter size are inconvenient to handle 
and to oanstruct of adequate strmgth. Large mattresses of this 
nature should be securely tied together at 5' intervals to prevent 
buying, in any ca^e. 


; ' The cage or trangaring should ordinarily be made of No. 6 
. or No. 8 S. W. O’, galvanized iron wire (analler sizes of wire are too 
. iSm :for use with boulders in hffi torrents) woven with a 6' to 4' 
ii|iiiiittoni^'-mq8^ 'Wherever possible they shoqld be placed in 
briz^ fillqd with botddete ; after fillup the top is 
^jaeeun^y ' all rOund to Ihe sides. ' In Self-eontamed crate 


pjng should average a foot in diameter, 
eosfo.^e' largest .bouMetS'aVdlbible'ifomt be 
.^:!the oaitkde if pp|ili]de‘r^4wv«r.!s^'^ 
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ss 6*, as the meshing must be correspondingly smaller). The 
boulders must be carefully hand-packed, as tightly as possible ; 

^hey most not be merely thrown in. 

The weaving is done as follows for a 6* mesh 

(See Plate XL.) 

A row of spikesi is driven at 6* intervals into a beam rather 
longer thap the width of the netting. The wire is then cut into 
lengths about three times the length of the netting required, and 
each piece ps bent in the middle round one of the spikes so as to 
form two stands which are straightened out on the ground. The 
weaving is then started from one corner — a double twist beb^ 
given at each intersection as shown in the diagram. The bottom 
and two ends of a crate are woven in one piece and the ends bent 
round, after which the sides and any intermediate partitions 
are fixed in position, and secured by twisting adjacent wires round 
one another — at least two complete turns being given. This is 
done with an iron bar, as shown in the diagram, and is the part 
of the work requiring most careful supemsion, as, if these junc- 
tions are not properly secured, the crates will simply open out 
once there is any movement. Approximately 65 lbs. of wire 
arc required per hundred square feet of netting of 6" mesh. A 
finer mesh must be used when only small material is available 
for filling the crates. 

Details of a method of wire mattress construction adopted 
with S;uccess in the N. W. Frontier Province are given in Appen- 
dix LVII and illustrated in Plates LVIII — ^LX. 

Old bhoosa bale hoop iron is often used with success for caging 
boulder bunds or mattresses. 

Wire netting is unduly expensive, and, alternatively, weak. 
m For temporary or emergent protection work, country rope 
trangaring or caging may be used ; this of course cannot be de- 
pended upon to last, but it sometimes fulfils its purpose when the 
resultant silting obviates the necessity for its replacement by a 
more permanent form of protection work. 

18. Where scour threatens to undermine the foundations of Protection ol 
piers or abutments, they may be protected by a flexible apron, stniotu^ | 
This may consist of boulders in wire nuittressing, as described 
undra ■ eraiTiiTig bunds, or of cement concrete blocks, which are 
suitable bxcept in the case of river beds composed of boulders 
without a fair admixture of sand or gravel. Where concrete 
axe used, a suitable type consists of a series of rings of such 
blocks, the blocks being of dimensions about A ft.x4 ft.x6 in- 
tibinV, and eoimected in both, directions by steel cables. These 
aptoim be fixed at a point not less than 3 feet above founda- 

tfafa 1^1, and be wide enough overall, to afford a slope of 1 in 3- 
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dsnai to mszimtim scour level. The radial cables must be well 
auvhored into the pier or abutment. 

(See also para. 17). 

19. An alternative method is to build a wall of piles across the 
river immediately below the bridge, and thus encourage silting 
around the piers and abutments. Such a wall must extend fully 
across the river, and its sununit should be brought to average 
bed level. As the scour on the downstream face of l^e wall will 
be considerable (as in a causeway), the wall foundations must 
extend below scour level, and the wall must be substantial enough 
to withstand the water pressure. 

20. In oertarn cases a series of obstructions placed in the path 
of the mam current above the bridge may be so arranged as to 
spread the current at the bridge , 

21. A ring of piling driven completely around the threatened 
prei or abutment may also be effective, where the bed is suitable 
for piles. ^ (See Chapter VI.) 
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CHAPTER K. 

Road signs. 

Soad Direction Potts— Warning Signs and Notices-- Village, Place 

and RoadkName Signs— Afile and Furlong Stones. 

1. InstTuations regarding tlie provision of R6ad Signs on road% 
of various classes are given in Chapters II and III. 

2. Road signs are of the following descriptions : — Oiassesof 

Road Direction Posts. 

Warning Signs and Notices. 

Village and Place Name Signs, 

Road Name Signs, 

Mile Stones, 

Furlough Stones, 

The standard patterns of signs are shown in Plates XLII, 

XLIII, XLIV and XLV. 

3. The careful selection of the most suitable position for the Road Diroo- 
direction post is of great importance, so as to secure the maximum 
visibility on all the roads of approach. In certain cases it may be 
•advisable to resite eidsting posts to secure a more dominant posi- 
tion. 

It is generally undesirable to mask the lower portion of the post 
in hedges or shrubs. The full length of the post should be visible 
wherever possible. 

The projection of the direction arms over the roadway should 
be avoided. 

The direction arms should be set at such angles on the head 
•of the post as to ensure that each arm shall lie along the immediate 
.general direction of the road it is indicating. 

In all cases the higher arms should indicate the more important 
roads and only the arms indicating the same road should be set 
in the same horizontal plane. 

If wooden or metal posts, other than posts of some standard 
'sljeel section, are used, ^e top and bottom dimensions of the post 
as figured in the diagram should be taken as a guide. 

The length of the arm for new direction x)bsts will be mainly 
dependent upon the number of lett^s in the longest plaoe name. 

Due r^ard should be had to the spacing between words and the 
proporl^ns ol the letters as fibred on Vhe diagrams. 



li:QJ!rABY XNaO^Biai SBBVICBS HiJrDBOOS. 


Thd. ioillowisg standard dimensions and detauls should he 
followed:— 

(a) Hfflght of arm from ground Minimum 8', maxjmm 
9' S'. 

(b) Length of am (variable) Jfinimum 3'. 

(c) Depth of am Minimum 7'. 

(d) Separation between ams Minimum 3*. • 

(e) Lettering Black block letters raised Y on white 

ground. * 

For single line or upper of two lines : — 3' letters, 
thick, I' interval between letters. 

For lower of two lines: — IJ' letters, thick, 
interval between letters, space between lines. 

{/) Post :— Painted plain white. 

(g) An indication may be given on the post of the Boadf 
Authority responsible for its maintenance. 

(h) 'In all but exertional cases the am should be lettered 

on both sides, the nearest important town being given 
first, then the nearest small town. The mileage should 
be given in figures only, immediately following the 
place to which it refers, the lowest fraction being 
a quarter. 

(i) Wherever possible the direction post should be placed 

in such a position as to be visible to traffic from all 
converging roads for a distance of at least a hundred 
yards. 

(j) The authority having control over the more important 
roads should be responsible for the provision and main- 
tenance of the necessary direction posts at the road 
junctions. 

Eoad direction posts are illustrated in Plate XLII. 

4. A few s^ns, in carefully selected positions, and intended 
definitdy to control cases where caution is imperative, will have 
a greater effect than the indiscriminate use of a large number of 
sighs of varying shapes and colours. 

Importance is attached to the careful selection of the site* 
and the placing of tbe post clear of bushes or other obstruction' 
to visibility, so that, the full length of the supporting post is seen., 
l^we a (Aoice of position, exists due r^atd should be paid to the 
baolground for showing up the i%n. For this reason, save where 

some light standard steel section are used, the dimensioitB 
pf ithh poi^ ai sho^ on the dia^tuu sue suitable. 

! to W guarded sHi;wnst should be indicated 

i;cif a s^^, based on the int^a^tionah 
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7116 list of dangers to be notified in this manner is as follows : 

<1) “ Cross Eoads,” 

(2) “ Corner,” right hand turn. 

•(3) “ Corner,” left hand turn. 

*<4) Double Comer.” 

(6) ■ Level Crossing.” 

(6) Eoad raised,” e.gi, across a canal distributary. 

^7) River crossing ” or “ Irish bridge ’’(Causeway). 

(8) ■ Road up ” oi ” Bad road.” 

(9) “ Steep hill.” 

(10) “ Speed limit.” ‘ 

(11) ” Hairpin bend ” (on hill roads only). 

The appropriate dgns are illustrated in Plates XLIII — XLV. 

The sign for ” Double Conner ” is reversible for a double corner 
in the opposite directions to those illustrated, i.e., a left hand 
turn followed by a right hand turn. The sign for a 
steep bend — almost a hairpin bend — is also reversible to indicate 
a bend in the reverse direction to that shown. The ilfustrations 
for both signs show a right hand turn. The form of base for sign 
f8) is for use only when the sign is utilized as a ” Road up ” sign. 

The symbol should be regarded as the principal means of indi- 
cating the nature of the danger to be guarded against. 

Cast iron is recommended for the material of the plates, with 
letters and details in relief. In the event of the cost of this being 
prohibitive sheet iron or boards may be used. 

In towns and suburban areas, where street lighting arrange- 
ments permit, the illumination of road signs is desirable. At 
certain special danger points upon roads of the above character 
it may be found desirable to erect special illuminated signs of the 
glass fronted, internally illuminated, type. In these eases, the 
red triangle and appropriate symbol, where used, should be en- 
larged to a uniform size of times the standeurd size. 

The following standard dimensions and details should be 
followed : — 

(a) Height to the underside of the triangle 7' 9*. Length 
of sides of triangle 18". Colour of triangle “ post 
office ” or “ signal ” red. 

Symbols to be of standard pattern, and to be painted 
white. 

(&)> Space between triangle and top of caution plate 6". 

(c) Size of caution plate 18" X 6" overall, 2" letters J" 
•thick with 1* intervals between letters ; border wide 
all round. Letters and border: to be raised jr" &iid 
painted red or black on^white field. He^ht of lower 
edge of caution plate from ground 6'9*.^ 

. ij(d) Caution I^tes s^uld not be exhibited without cymbols 
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. («) All ift'aniing signs and notices to be placed facing appro»- 
ching traffic and on near side of road and, whatever 
possible, to be set clear of obstructions so as to dis- 
play tbe fall length of the supporting post. They 
should be sited as closely as possible to a distance' 
between 75 and 100 yards from the object of danger 
or commencement of the danger zone ; and, if possible^ 
be so placed that on either side of their ^positions a 
length of roadway and margin is clear and free from, 
any obstruotion to view such as lamp posts, telegraph 
poles, tramway standards, trees, etc. 

(/) The supporting posts should be of iron or other- 
suitable material painted white, and firmly embedded 
jin the ground. 

ig) “ Cross Road ” warning 'signs are not necessary where 
there are direction posts at cross roads and junctions 
in visible positions. The approaches to towns and 
- < villages should need no warning sign as such inhabited 

places are a sufficient indication in themselves that 
special care is necessary. 

5. These are erected on the main approaches to towns and 
villages, giving the name of the town or village. Standard types 
are illustrated in Plate XLII. 

The dimensions of the supporting post at top and bottmn 
shown in the diagram are optional ; these dimensions should not 
be substantially less than the figures given, unless posts of some 
light steel standard section are used. The form and proportion 
of the letters will, of course, determine the length of the plate. 
Certain place names of more than average length, e.g., two long 
words with a hyphen between, could be conveniently arranged 
in two lines. 

The size of letter given in ihe diagram should always be re- 
garded as a minimum. 

The following standard dimensions and details should be 
followed : — 

(«) Height to centre of name on plate Minimum 7'. 

(5) Depth of plate 9*. 

(c) Height of letters 6'. To be raised painted black on 
, , Iwhifee fidd, down stroke thidc upstroke thick ; 

' ' I" space betwe^ letters ; 1|" to 2* clearance top mrd 
bottom.. 

(d) Tcf be dtod <ai near side of road facing approaching, traffic^ 

. , . . jand a distance <d approximately 100 yards or there-^ 

^ ^ 

V . posl!i% be of iron oir other s^taWe maiie^ 

x^,jp(tted..i^^ inthejgrotmdi. , 



BOAD SIOBS. 


131 


6. A liseM fona dt road name sign, oarxied out in leinforoed 
concrete, is illustrated in Plate XLIL 

The plate' should be set at such an angle to the graeral direc- 
tion of the road it is indicating as to be clearly visible from all 
approaches at a distance of about 50 yards. 

Projection of the plate over the roadway or sidewalk is un- 
desirable. ; 

It is undeshrable to mask the lower portion of the post, and the 
full length should be visible wherever possible. 

Tho length* of plate will depend upon the number of letters 
in the road name. Due regard should bo had to the spacings 
between words and letters, also to the proportions of the letters. 

The following standard dimensions and details should be 
followed : — • ^ 

(а) Height of plate from ground :--7' to centre of plate. 

(б) Depth of plate : — 9*. 

(c) Lettering ; — Black block lettering raised (or sunk) I" on 

white ground. Letters 6* high and thick with IJ* 
space between letters, 3J" space between words, Ij" 
margin above and below letters. 

(d) Post To be of iron or other suitable material, painted 

white. 

(See also Chapter II, para. 38, and Chapter III, paras. 8 and 
18). 

7. Suitable standard tvpes for mile stones are illustrated in 
Plates XLVI and XLVII. 

Furlong stones should as a rule be of hexagonal or square 
cross section, and of a size not to be confused with mile stones. 

Mile and furlong stones should be whitewashed ; the letters 
and figures on them should bo countersunk, and painted black. 

They may be made of cement concrete or quarried stone. The 
latter is often preferable, as concrete mile and finrlong stones are 
susceptible to wilful petty damage to a greater extent than stone. 

(See also Chapter II, para. 37, and Chapter III, pats. 17.) 


Boadnune 

signs. 


Mile and 
Furlong 
stones. 
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CHAPTERX. 

Metalliiig and Road Maintenance. 

General Renuurkt— Metalling — Scarifying Method* of Hemetal* 
lin^Rttt Repair Method of Remetalling— Steam RoUere— 
Maintenance of Road Surface — Special Methods of Road 
Surfacing (OUing, Tarring, and Concreting)— Maintenance 
of Berms— Maintenance of Drainage— Maintenance of Road 
Structuree and Road Signs— Road Gangs— Maintenance of 
Boat Bridges— Traffic Control— Maintenance of Unmetalled 
Roads — Road ImprovementSi 

General Remarks. 

Introdootion 1. l^ese instructions should be lefcd in conjunction wlch the 
instructions contained in the General Specification for the cons* 
struction of roads given in Chapter II, and with the notes on r^aix 
estimates in Chapter XI. They are primarily of application to 
metalled roads, but should be followed, where applicable in the 
case of unmetalled roads, regarding which notes are given at the 
end of this Chapter. 

fioad A record plan, a metalling chart, and a road structure in- 

spection book should be maintained for each road. 

The record plan should be on a scale of 12" to 1 mile longi- 
tudinally, transverse measurements being exaggerated if necessary 
for clarity. This plan should show all important particulars of 
the road, including gradients, radius of curves, metal stacking 
places in hill sections, catchwater drains, mile and furlong stones, 
boundaries of land acquired for the road, scuppers, culverts, oauseo 
ways, bridges, and buildings, cross roads, and all conspicuous 
objects along the road. 

The standard pattern of metalling record chart, and also a 
useful pattern of current progress chart, are shown on Plate XLYIII. 

The road structure inspection book should be maintained 
with records of aU- special repairs necessary and done to scuppers, 
culverts, oausewlys, bridges, mile stones, etc. All road struc- 
itures should be legibly numbered and recorded by their numbers 
in the Inspectim Book. They should be numbered in series by 
miles ; tiias 6/15 denotes the wrth culvert, etc., in the 15th mile. 

. ; In reapec^crf. evtty impotttanb river or nala crossing on every 
bridged or notr& otoss section of the river or nala - 
at t^' zoMi'^erossi^ shoilljd h« maintained, appooded to the road 

scale, 1/26" to 1/40* horiaontaHy 
Y, para;. '101... ■ On tbeae, 
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cross sections fuB partioulsTS of Besvy rainfalis and floods, with 
dates, are recorded as th^ occur. Bain gauges should be main- 
tained at such places, and highest maximum flood levels, with 
dates, should be marked on bridge abutments and/or on the banks, 
as practicable. 

3. Scarifying consists in digging up the old metalling surface DsflaWMia 
to a dqpth of some 3 inches, prq>8ratoi7 to xemetalling. It can 
usually only be done economically by means of a “ scarifier ” 

drawn by a sifitable tractor (a steam roller will do). 

Scoring consists in roughening the old surface with pickaxes * 
prior to spreading the new metal 
Special repairs are extensive repairs to any drain, parapet 
wall, bridge, culvert, etc., the gost of which exceeds Bs. 200 for ' 
the particular item concerned. They should be financed from 
reserves held locally by each Assistant Commanding Bt^al En- 
gineer, and allowed for in the maintenance estimate, and in cases 
of fecial unforeseen damage due to cloud bursts, etc., from similar 
reserves held by superior officers. 

4. In November and the early part of December of each year 
every Assistant Commanding Boyal Engineer should make a mads, 
point of traversing all his metaUed roads with the Garrison En- 
gineers or independent Sub-Divisional Officers concerned, and 
settling what work under the following heads should be included 

in the estimates for the following year ; — 

(а) Bemetalling with one layer of 4| inches ^read. 

(б) Scarifying and remetalling. 

(c) Continuous rut repairs. 

(d) Collection of metal only for either (a), (6), or (c). 

It rests with him to consider all the roads in his charge as a 
whole, and to see that a suitable standard of excellence is main- 
tained. If the decision on these points is left to subordinates 
without the Assistant Commanding Boyal Engineer checking 
theur demands at site, and at about the same time of year, certam 
roads will probably be starved at the expense of others. 

When making this special inq)ection the Assistant Commanding 
Boyal Engineer should also note (i) what “ q>ecial ” repairs will 
be necessary ; (ii) that stacks of patching metal are as laid down, 

(iii) that ^nikstones are correctly marked with dates of re- 
metalling ; (iv) that the remetalling chart is tqi-to-date ; (v) that 
the road structure inspection book has been kept up. 

See also Chapter 'SI, para. 17, etc. 

5. The normal period for remetalling. under nor m al oondi'' . 
. ci traiS^ u aveiy 4 y^s, on ithe-avezs^e. The exact 
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period ifi individasl . 088 C 8 , however, of course deperids local 
conditions (and availability of funds). 

For proper maintenance, a road must be remetaUed either 
when (a) tiie metal has worn too thin, or (6) the surface has be- 
come too bad for traffic, and neither* patch r^airs nor continuous 
rut repairs will si'.ffioe. 

The thioknesf of metal (above soling) for new' roads is laid 
down in the general epecifications, viz . — 

Class I road 2 4^* layer8=Say 6' whmi consolidated. 

Class 11' road 1 6* layer =S8y 4' when consolidated. 

RoadUetaL Class III road 1 4* layer ==Say 3* when consolidated. 

As the thickness of metal should not be allowed to get less than 
' 2* to 3* thick, class II and III roads are likely to require re- 
metalling shortly after completion, if they experience much traffic. 

C. Almost the worst kind of metal is that derived from round 
boulders of varying kinds of rock. Such metal soon wears into 
pockets, and it should be avoided when possible. 

Hard uniform limestone is easily consolidated, and gives a 
smooth sur&ce which wears into continuous smooth ruts. It is 
rather dusly when dry, and produces a good deal of slippery mud 
when wet. It is peculiarly suitable for continuous rut repairs 
under Indian conditions of traffic. 

Hard trap, granite, and sandstone (soft sandstone should 
never be used) requires to be broken smaller than limestone, and 
consolidated with the heaviest roU^s available. Such material 
lasts longer, but wears into a nobbly sur&ce, and is usually un- 
suitable for continuous rut rqtairs. It is less dusty when dry 
and less slippery when wet, than limestone. 

Munkm- being a form of limestone, its characteristics are similar, 
but its wearing qualities under heavy traffic are poor, tiiough 
its surface when in good condition is perfect. 

Brick metal, obtained from vitided bricks, should not be used 


except in by-roads where only light traffic is to be expected. 

. It is occasionaUy necessary to use metal which without the 
addition of some kind of binding material will not consolidate at 
all. If the cansolidaticm of such metal is carefully watched, it 
will be noticed thfit after a con^aratively sms U amount of idling, 
either, wet or dry, the metal begins to move in waves jn front of 
the roller, and lie longer rolling is pontinned the mwe unstable 
it beocimes. It would appear.: that the edges of lie stont g^d 


. ipto a doeuand, which aebs as a li^carit. It is consequently 
metal, tp use a layer of lie best binding mate- . 

^ musty be, tad ..at rile con^paratividy duly 

further zoHing: jnroduces '^no . hn- ' / 

' 'tbeiii’iiidiuid . befoiM . 'is (Bonunaii^ 
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•(^ metal with which earth has to be used for binding should be 
^avoided, and it should not be used e 2 EC(^t under qiecial orders. 

The gauge of metal must vary with the hardnw and nature of 
the material and the weight of the steam rollers available. 

The normal gauge for stone metal is from If' to 2". As a general 
Tule, the harder the material j&e smaller must it be broken. In 
oertain mtses, using good quarried limestone or basalt and a 
10 ot 12 ton steam roller (which is the most suitable type) a gauge 
as large as 3f is practicable. Where the material available is 
laterite, and it is suitable and is used, gauges up to 4* are per- 
missible. When boulder metal has to be used, the diameter of the 
boulders must not exceed 5", and the gauge of the metal l^' 
or proper consolidation will be impossible. In such cases a bind- 
ing material may have to be used, which should not be of loamy 
earth, unless absolutdy unavoidable, and epecially authorised 
in each case. 

Care must be taken in drawing up qiecifications and contracts 
for the supply of road metal to provide that the metal shall be 
the best of its kind obtainable locally, that the maximum possible 
uniformity of quality is insisted on, and that, where quarries are 
concerned, metal obtained from long exposed sur&ce blocks and 
boulders of small dimensions is specifically excluded as being 
inferior in quality. 

7. Except when impracticable, metal must be stacked abso- Collection of 
lutely clear of the benn proper. In the plains when space suffices, ****“*■ 
it should be slacked in continuous lines of uniform sections, as 
this arrangement greatly facilitates measurement. In hill sections 
it should be stacked in metal stacking places at suitable intervals 
(say 2 furlongs) specially constructed oft the roadway. 

Where it is necessary to have a gap, a stack of the same 
measurement as the gap should be placed as close to it as possible, 
and it is then an easy matter to see that the correct amount of 
metal has been collected. 

On dopes it is necessary to take ipecial precautions, and parti- 
colarty to leave frequent properly sloped op^ngs for side drain- 
age, the absence of which leads to heavy longitudinal scouring 
of the road, and consequent rapid defloration. 

Metal should, as a rule, nof be collected before it is actually 
required. Cemsolidation should not usually commence imtil dl 
the metal required in the mile or portion thereof eoncfflmed has 
him ooUected fknd measured. Collection and consolidation dionld 
. usually be eatr^ out by full miles, exc^t in cantonmmitB. 

. I StBoks ol metal to he used for patching only should be main- 
tidhed at interya^ of about 1 furlong, and mutt be. te- 

newed.^ .^edpmta^ns laid doM osne or twine a yestr, a oaieful 
liitem il^rtcldng metal moat be atacked 
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tnmy tctm the zegolai berms where it will not interfere with 
traffic ; it shonld also be on the side least suitable for staoking 
coi^Iidation metal. Patching metal must be of the same kind 
as the road metal, and should be of gauge not greater than 1^'. 

The gauge epeoified for road metal is the diameter of a ring 
through which each piece should pass in any direction. 

Stone or brick metal should be passed over a jf * screen «n iitUr 
the screenings being collected in heaps between the stacks anid the 
edge of the road or stacking place. The screenings are used,, 
supplemented by gravel, if necessary, for the top dressing. The 
rate for stone metal should include 10 per cent, screenings, in 
normal cases. 

Hoad metal stacks should usually be 13" high, counted as 12* 
for the purposes of measurementt and of such a section as to give- 
sufficient metal for the stipulated coat on Ihe corresponding length 
of road. Pirmas should be constructed accordingly, and checked 
periodically. Metal is collected on staoking places in hill sections 
in oblong heaps, the dimensions of which should be carefully 
checked, deducting 8| per cent, for unevenness of ground, vmds, 
loose stacking, and settlement, as in the case of roadedde stacks. 

Metal should be measured for payment in the stacks ; soling 
usually when laid on the road. 

8. This is dependent upon— 

(а) The arrangements possible for traffic during metalling. 

(б) How many rollers can be employed together. 

If possible, all traffic should be diverted off the portion of the 
road being metalled ; but if necessary to meet traffic requirements, 
in the case of Glass I roads metalled 16' wide or over, or occasionally 
in the case of Class II roads metalled 12' wide, half the uidth 
can be remetalled at one time. The former is the normal method. 
'When the latter method is adopted, special care is necessary to 
ensure continuity of correct camber. 

frequently in hill sections, and sometimes in short sections 
in the plains, the traffic cannot be side tracked or confined to one 
half of the road. In such cases the various operations of consoli- 
dation have to be condensed and concentrated, and the work 


finished as rapidly as possible, engine^ing considerations bmng 
subordinated to traffic requirements. 

'fnom of process of remetalling consists of the following iota opet&- 

awnitBogt tions (the first (peratioU is omitted in the case of pew metalliug) : — 

. (1) the old surface; , 

, ’ j[2) ,^^ftadaig 

niuaheir;of'<»biu leet. cl-londM..',- 
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corresponding lengtih of road completed (which d^ends on the 
-thickness of the layer of metal loosely qnread and the wid-th of 
metalling) is exhibited in the following table : — 


I^eng^ of roads completed daily by one rcUer consolidating a 
indies layitr of metal. 


Width of metiiL* 

OtJTVUV 07 B01X7E 17 0U1II0 FSBT. 

700 

600 

600 

Feet. 

Feet. 

Feet. 

Feet. 

16 

117 

100 

88 

12 

156 

• 138 

111 

9 

207 

178 

148 


Note. — A n output of 700 cubic feet Is attainable with good limestone by a 10-ton roller 
doing an honest 8 hours* day. 


Working -wi-th one roller only, the length of road closed to 
traffic should be three -times the length which can be consolidated 
by the roller. The first third will be scored, the middle third 
.q>read with loose metal, and the last third consolidated. 

Separate gangs should be employed whole time on each section 
and should advance daily one stage ahead. 

Working -with two rollers grouped, the first will carry out dry 
rolling and the second wet rolling and surfacing, so that progress 
will be doubled, and the length of road isolated will be twice as 
great. 

Additional separate gangs should be employed for preparing 
.and maintaining diversions well in advance, and for making up 
berms immediately in rear of the last-roller. This latter process 
should not be left till the whole mile has been consoUdatod. 

Whether work is done by departmental agency or by contract, 
4t is eq[ually important to insist on its organization on the above 
lines. In no circumstances is it permissible to extend the opera- 
tions of scoring and spreading beyond the limits required for one 
tday’s work of the roller or rollers. 

The advantages obtained by grouping rollers in pairs, as advoca- 
ated, are as follows : — 

(i) Each mile is finished in about half the time with less 

inoonvenimee to traffic. 

(ii) Supervi^on of work is easier and superior results are 

obtained. 

(iii) Supplies of coal, water, and stores for the engines are 

facilitated. a 

;({V) M eftbaniesl sapetvinon of rollers is improved wii^ result- 
ing increased, efficiem^, particalarly jjf it is poraible to 
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attach a meehaiucal mistri to each group of roUerar 
an anrang^ent which will usoally reduce tiie nuiaber 
of idle roller hours and pay directly, by giving an. 
increased output per roller. 

Whw the road cannot bo closed to traffic during mBtaUing- 
the following special arrangements will be necessary. 

(i) Scoring and spreaffing must be confined to a abort length, 

in front of the leading roller. 

(ii) The metal must be spread as evenly as possible from the 

side stacks in one operation, and must on no account 
be piled in heaps on the roadway preparatory to spread- 

ing- 

(iii) The road gangs must be ready to assist traffic by all meana 

in their power. 

(iv) The roller driver must be ready to pass his roller once or 

twice over the roughly spread metal if asked to do 
• so by a motor driver, and in any case must get his 
roller to one side without delay. 

(v) Three rollers grouped should be used, the function of the 

third being to reroll the completed work, and to pay 
special attention to patches showing signs of failure, 
which are to bo expected owing to the hastily completed 
consolidation being subjected to immediate traffic. 

(vi) Extra good supervision and organization are necessary 

to prevent scamped work, waste of time, and blocking 
of traffic. 

9. The old surface must be freed from mud or dust, and well 
roughened with pickaxes, and all considerable hollows must be 
filled with metal, before tho spreading gang is permitted to com* 
mence work. The full working width must be demarcated with 
picks working along properly aligned stringa 

If, as frequently happens, the barrelling has disappeared, it 
must be restored as much as possible by well picking up and rday- 
ipg> the surface of old metal to camber. In bad cases, scarifying 
is desirable. 


10. Earthen bunds, paddled on the inner side, and of the 
hei^t of the metalling, should be made along the ed^es of the area, 
to be metalled, in order to prevent the metal from ipteading. 

The metal should then be raked off the stacks into ba^ets 
and spjread to correct camber abd thidknesa on the road. This 
"dt^s'the naetid from fine stuE abd dust. 

’ T^ htrM^t ob neatly stra^ht sections it is absolittely essential! 




de fbli widihganges or templates fitted with a 
ue elpser ihe betto, but cexhkMy not moin ihab 
der^ ihb plm^ gai^;e ahbbld; 
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mebd lias bem propwly spread the gauges are buried just flush with 
the surface. The iutemxediate work is then easily tested with a 
cord stretehed between gaugSs, which latter are not to be removed 
until the spreading has been passed at the end of each day’s work. 

On curves similar gauges are required, but with straight pro- 
flies in place of cambered proflles. Sets of these for diflerent cross 
slopes (1/7, yiO, 1/15, 1/20 should suffice) are required, and each 
must be clearly marked wirii its slope. 

The tranei)tion strips between cambered sections and banked 
curves must be spread by ^e as gauges cannot be used, but in all ^ 
cases the edges to the metal must be cl^rly defined by lines. 

11. Bolling should be commenced from the edges and continued RolUcg* 
.towards the centre of the road. 

The stage when watering must be commenced varies with the 
nature of the stone, and as water is often expensive, care should 
be taken that it is not applied till necessary. The local stiecifica- 
tions should specify the number of roller passes to be given dry, 
for each kind of stone according to the weight of roller used, on the 
basis of correct data obtained from experience. 

The first principle of macadamizing is thoroughly to consolidate 
clean square evenly graded stone metal. Therefore no binding or 
surfacing material noay be used till consolidation is complete 
i(except as mentioned in paragraph 6). 

The number of roller passes required depends on the weight of 
the roUer, the nature of the metal, the amount of water available 
and the skill of the engine driver, 'but it is the worst kind of economy 
to out the rolling fine. 

One of the main causes of poor output is the laziness 
■of ffle drivers and the difficulfy of ensuring continuous honest 
supervirion of thrir work, and the most important factor in settling 
their pay is their average output of good quality work. The 
other factor is the care they bestow on their engines. It pays to 
give a conriderable increase in the wages (either directly or by an 
“ output ” allowance) of any driver who is really go^ in both 
reflects. From this the necessity of keeping accurate locords of 
woridng days and outqiut is apparent. 

The camber and banking templates or gauges mentioned in 
paragraph 10 must be i^stematically used during consolidation 
to check the surface. 

During military operations,, in cases where water is unobtain^ 

«bl^ iedr tEmporary results can be obtained with limestone (and 
possUily' with othet; kihdt metal that have good; binding pro- - - 

jperties) by <fyy roQiqg only, then spreading a layer of shale 
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SniilMiiw> 12. Aftftr tihotough ccmsolidatbo, tilie EK^eenings, sapplemratedE 
as nticwauy by soreeaed gravd 09* coarse 8and previOQsly collected 
should be eveoly, watered Ikd rolled. The object is to- 

fill the interstioes between the metaland produce an eren w^tet'- 
jxtoof sur&ce. The less the material used to obtaid the des ired 
resultthe better, and an average thickness of ^ inch is usually ample. 
Earth must nem be used for this purpose. When kankar, laterite, 
or brickmetal is used, it should be rammed in the first instance 
with iron rammers, or rolled with only a light rcdler, (bullock roller 
or 6 ton steam roller) tmtil consolidated. Care must be taken 
in all such cases that the roller used is not so heavy as to crush the- 
metal. 

j i f ^!y *** ° * consolidated metal must be k^t under careful 

observation W some little time, 'so that any places which work 

>o*tsh ■ loose may be at once repaired, as otherwise the damage will vay 
quickly spread and extra expense will be involved (See also para- 
graphs*17 and 18). 

SCARIFYUrO METHOD OF BEMETALUNO. 

Scuifying. 14. This is an economical method of resurfacing old roads, but 
should not be attempted unless the average thickness of metal 
over the sohng is at least 6 inches. It is particularly useful in 
localities whare berm material is expensive, as the road surface 
level is not raised by remetalling by the scarifying method. 

A suitable method of resurfacing by the scarifying process, 
based on experience on the Jhelum VaUey road, wWe excellent' 
results have been obtained, is described bdow : — 

The road in question has 12 feet of metal, and is subjected to- 
exoeedingly heavy trafiSc which cannot be side tracked. The 
soarifia: is made by Messrs. William Thackeray and Sons, Malton, 
Yorkshire. It is fitted with four teeth or tynes of special steel 
which wear out rather rapidly. Messrs. T. Pratt & Co,,' 304,. 
Bow Tazaar Street, Calcutta, sdl a brand known as “ Violet marir 
treated steel ” which has been found quite satisfactory for replace- 
ments. 

The scarifier is towed by a roadroller of not less than 8 tons 
weight by a strongatedi cable some 20 feet long. The teeth should' 

. bo. set to out not- more than 2' de^ below the road surface, as- 
. t^) actuidly loosens at least 3 inches of metal. On tite fiat or down 
. four to^h are used, but up steep inclines only two of the- 

wr.ou tire driving 


ffii0ulq. 'b<u)Wi ;m actitQn, to save exoessnr 
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ccwoiueaciiig a cnt to save sudden strains, birt no diffiotiliy bas been 
eocperienoed in training the cooly aocordii^ly. 

After completing a out the cable is detached from the engine, 
rrhich Ihen backs into position for the reverse cut. The steering 
handle of the scarifier is set over at right angles, the cable being 
attaohed^o the other end of the .engine> and the latter then tows the 
scarifier round,. When the line lias bean picked up again the cooly 
gradually engages the tynes. The operation of reversing is very 
simple and qui^k. 

The method working is as follows : — 

On beginning work the engine driver scarifies a length of 50 
feet of road, and then proceeds to roll to a finish his previous days* 
work of 2 to 2| chains in lengt];. A gang of not more than 15 
men rakes the newly scarified surface to the side to the road, and 
then bank again to the 12 feet alignment, thus removing all fine 
stuff and dust to a large extent. The old metal is then well watered 
(which cleans it still further), and a layer of fresh metal 'o/ the 
«me Tmd is ^read 1| inches thick over the surface, equivalent to 
one-third of a full coat. The engine scarifies a further 50 feet of 
road, and the process is repeated at intervals till the full length 
of 2 to 2| chains has been prepared ready for next day’s consolida- 
tion. If the scarified metal is found to be so bad that-screoiing is 
necessary instead of raking the gang must be increased accord- 
ingly, or the output will be reduced to some chains a day. 

Thirty days only are allowed for scarified consolidation of 
one mile, including a margin for all delays, and the work is given 
out on contract with a penalty for exceeding this time. The cost 
is worked out at Rs. 52 per mile for scarifying only, as against 
Rs. 146 for sindlar work done by hand. 

Fresh metal of the same hind should always be mixed with the 
bid metal, to the extent of 33 to 40 per cent. The life of a mile 
thus treated is about | of the life of a mile given a full new coat. 

But Bepair Method oe BemetauiDto. 

15. As another alternative to complete remetalling, this ptoces * 
is particularly applicable to narrowly metalled roads (e.g., 9')* 
surfaced with limestone, vdiich have worn into olearfy defined 
TOts under traffic. Miles so treated can hardly be distinguished 
from newfy o<msolidated work, and should have a life nearly equal 
to' that (rf a complete 4|* renewal cost. The resulting repairs 
stand occasional heavy motor lorry trafim satisfactorily. 

A continuous trough tiboald' be excavated over each rut by 
hand, mth side slopes about 60°. The <dd metal tiiouH be " 
taked into heap at tiie side road, anclij^e tixyqghs fil^ 

metid. The. ^ metid (the 
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of which is not; much) is thoi Spread <m the new metal, 
having been fairly well cleaned by the raMng process. The whole 
is then wdl watered and consolidated with a roller in the usual 
way. No extra binding material is required, as the <M metal 
answers the purpose. 

The ‘ output ’ of a steam roller on this class of work should not> 
be less than normaL Hut repairing has been done, in the N. W.. 
Frontier Province, at Rs, 10 per 100 cubic feet, measuring the full' 
section of the excavated trough. , 

The economy of this meth^ is apparent. Repair work of this 
kind should be done by the mile, and should not be attempted by 
hand ramming instead of rolling, as opposed to pot-hole repairs. 

Road Rollxbs. 

16. Instructions regarding the working and maintenance of 
steam road rollera are given in Volume IV (Electrical and 
Mechanical and Water Supply). 


Maintenanoe of Road Surface. 


17. The greater the cost of road metal the more should be 
spent on patching (i.c., ramming in metal with water and clean 
bajri, into pot-holes which should be cut out first), and on other 
measures such as periodical spreading of shale or bajri, in order 
to increase its life. 

There is generally a tendency to qiend too much of the repair 
grant on remetalling, and too little on patching. 

Too much stress cannot be laid on the careful and systematic 
patching of roads, as it is often common practice to neglect patching- 
till a mile has got into noticeably bad condition, inst^ of patching 
ne^ly consolidated miles at the first signs of local failme, and so 
maintaining them in good condition. More care, supervision, and 
money ^ent on patching mQos b^ore they get really badty worn 
mt^ns a very appreciable increase of life, and a consequent great 
88'ving in the annual cost of remetalling. 

Patching metal must' be of the mme qwMy as that used for 
remetalling. Patching is the normal and . most inqxntant duty 
of.^e rieg^t madgangs, whose strmi^ pec mile depends. largely 
'op ihe s^tmt bt sueh. work to be done. R^ fis^ should always 
Wnisedonjtiti^rs^^ towammotonsts, andthe. 

i^ust be ttAinbd; tb s^pid ahudi side the motor 
‘ not filled ejwayu'taon; Th^ mhstf 
bn: 'Ike -y 

metdi-alnKdid ifi* '.awis 
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18. The ajrstematic sproading of bajri oa the mefcalled sutface Sprang 
of 8 road, by <dio road gaqgs, directly the individual etonee of the 
metallic begin to show up, stops the metal picking up and prolongs 

its life. This is particularly important in the hot dry season of the 
year. - Earth must noi be used for this purpose. 

The bajri should be clean river bajri, shale, or sand, and il 
should not be laid more than'^ inch thick. Watering , in addition 
is also very desirable in hot dry weather, and rolling in bad cases 
particularly when there is little traffic or when the surface has 
started to pi(^ up extensively. 

19. When » road is called upon to meet exceptionally heavy Surface 
traffic, r^ular and ^stematic surfacing, ns described above, isq^^exwp- 
essential. Thatching grass can be used as a temporary emergent tlonal traffic, 
measure instead of bajri, but it, is loss effective and requires more 
frequent replacement. 

20. The stipulated camber and super-devation must be care- Camb-r and 
fully maintained in repairing berms and metalling. In all cases 

in which a road is below standard in these recocts, it must be 
brought up to standard when repairs are carried out. 

Special Methods op Road Sokfacino (Oilino, Tabring, and 

Concreting). 

(See Chapter 11, paragraph 40.) 

21. To promote durability under heavy traffic, and to minimise ^ 
dost and mud, the ordinary water bound macadam may be surfaced road suifac. 
or replaced by the following methods : — 

(i) Surface Oiling on water bound macadam. 

(ii) Surface Tarring on water bound macadam. 

(iii) Surfacing with Asphaltic oil- or composition. 

(iv) Metalling or remetalling with Tar macadam* 

(v) Metalling or remetalling with Bituminous or Asphall 

macadam. 

(vi) Surfacing with Pitch-grouted macadam. 

(vU) Cement concrete or reinforced concrete surfacii^ and 
foundaetions, in Kea of metalling and ordinary seding. 

The British Road Board Stimdard Specifications relating to 
(ii), (hr) and (vi) are given in Appendix XLIX for guidance, and 
BupplementBxy remarks regarding these and the other methods 
are made in the fdlowing paragraphs. The camber of the road 
surface should norm^y not depart from the normal standard of 
I in 40, for metaUiM roads. 

,23.' OUiz^ is the i&plest .and cheapest method of trying Offing water . 
itah^. bound macadam.' It is in use on snbedd^ry roada m 
.United Stktts and elsewiiert^ aa^ has. been used sucO^fully atea^n. . 
..lleihi'ahd otiier statiane.'ih.Ii^^ 
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United States esperienee shows that oiling gireatly imptoves 
hutolia roied8> provided that the surface is dry and properly made up 
to eamber, and rolled before treatment. In this conncsction it is 
•of value for treating the earthen berms of metalled roads in India ^ 
under the same conditions. In the case of earthern berms or road 
surfskoes, however, oiling will of course require comparatively 
frequent renewal. Where there is very hescvy rainfall, the dur- 
ability of oiling on earthen surfaces, and its consequent practica- 
bility, are of course, considerably lessened. ^ 

Tar oiling comprises the pressure epraying of the surface with a 
suitable number of coats of tar oil or petroleum oil with an admix- 
ture of 5 per cent, coal tar. 

The following conditions must be fulfilled : — 

I 

(i) The surface must be dry. 

(ii) The surface must: be clean, i.e., all dust must be well 

sw^t ofi immediately beforehand, and all depressions, 

‘ etc., r^aired and filled up. 

^iii) Traffic must be kept oif the portion under treatment 
until the oil has been properly absorbed, and sub- 
sequently coated, usually, with a ‘thin top dressing of 
fine gravel or clean sand. 

(iv) The oil and tar, which do not remain in combination, 

must be mixed at tibe time of application, or alternatively 
kept well mixed throughout. 

(v) The oil should be of the consistency of thin golden syrup, 

the tar that of treacle. 

(vi) The mixture must be kept free of any foreign matter. 

(vii) The treatment must pot be carried out during, or in 
proximity to, the rainy season. 

The followiqg. desiderata are advocated for efficient and econo- 
mical work : — 

(i) Tbe mixture must be applied hot (this is essential where 
oils containing 40 per cent or more of asphalt are 
^ployed), where necessary to promote the suitable 
liquidity. 

<u) A travellizig pressure road oiling machine, with heertetr 
attaebm^t where nooessary, i^ould be used. (The 
. , ; e . maohioe »m8tnufaotured by the Austin MamfiEaoturing 
Company of Chioaiigp, whi^ can be drawn by n pair of 
, j hxx^ ot jbujUqckA or by » hary, i« very suitcffile.) 

A, ..hirbpm shotUdi be us^ for efficient sweeping. 

■; ■ .Cbgtp<aj;j^ m a suitable ' str^; 

' ■ ' '■ ■' .pf -i^' hte, dra;:ra by .a pair ;o# 

^ -er' use' .in . ecpjnpcjlakm 
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As in tbe ease of all other speeial road sar&ce treatments, the 
qteoifioationB and the resoltB depend upon the local climatic condi- 
tions, the nature of the metaUing, and the traffic. 

A descriptiou of the method- adopted at Delhi, using 3 coats of 
fu^ oil with 5 per cent, of ordinaiy coal tar, is given in Appenduc L. 

In this case, the oiling require renewal annually. 

The BritUb Road Board Specifications for Tar and Tar Oil 
are given in Appendix XLIX, viz.: — 

Spedification No. 4, Tar No. 1. 

„ ^ No. 5, Tar No. 2. 

„ No. 6, Tar oil. 

Tar No. 2 is most suitable for hot dry climates. 

Patch repairs to oiled metaUed roads should be done with tar 
and clean metal, and if the work is efficiently done,, and renewed at 
due periods, watering to allay dust should not be necessary. 

Afphaltic oils and compositions can also be used for oil spraying 
or suribcing, and their use should be studied. 

23. Sur&ce tarring on water bound macadam roads is more ^ 

durable and efficient than oiling, but more eoqsensive. Surface jnMsdaia 
tarring or spraying consists in the application of hot coal tar^oada 
(one coat or more as necessary) to the metalled sur&ce, the sar&cing 
being finally covered with a thin layer of fine gravel or clean sand. 

This method has been used with varying degrees of success in 
I various parts of India, notably in Bombay, Madras, Calcutta, and 
Lahore. 

Surface tarring has the disadvantage of promoting a slippery 
surface after rain (apart from the softfiess caused by great heat, 
an ever present difficulty in the summer everywhere, which is 
particularly applicable to hot stations in India). Roads so treated 
must therefore not have an excessive camber. With certain kinds 
of metal, e.g,, in the case of limestone as used at Lahore and 
Rawalpindi, the surface becomes insuperably slippery for animal 
traffic, and if tarring is to be done in such cases more suitable metal 
must be used to overcome this disadvantage. 

General directions for surface tarring on water bound macadam^ 
and specifications for tar, are given in the British Road Boatd! 
Specifications in Appendix XLIX, viz .: — 

Specification No. 1, Surface tarring. 

„ No. 4, Tm No. 1. 

,i No. 6, Tar No. 2. 

(Tar No. 2 hoi^ most suitable for hot dry climates). 

' The eonffitums given in pamgraph 22 for sucoei^ful oilii^ are 
of equal ui^lication iu '^e ease of tar sorfaeing oi^ epraying : 
in this casw it is etsooriAl for the tar to he hM^ to bciiling pcmtt 
(about 220*^ to 2^1*) wheo hiplied.. ^ ^e of a travellii^ 
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’ ificsytt Mid jbeatw, aad of s iaoe]iuuc|U btoom, as montioBed in 
ptiragxtqvb 22, is equidly desirable for ^Soieney and ecosuany. 

The Punjab Specification for tar spraying- is given in Appendix 

WherethereisheaTy traffic, two coats are necessary, thesecond 
two or three months after the first coat. 

The tarring should be renewed annually except on'toads carrying 
light traffic, where it must be renewed as necessary. Practical 
experience in India shows that efficient surface tarfing will stand 
under regular light traffic up to 3 or 4 years. 

Patch repairs to tarred roads must be done with dean metal 
and tar. 

24. The use of tar macadam instead of water bound macadam, 
in renewal coats or in initial metalling, is greatly preferable to 
either oiling or tar surfacing, but it is correspondingly more expen- 
sive in initial cost, although in upkeep it should in the long run 
prove no more expensive, provided that the specification is suitable 
to the climate. 

Under very heavy traffic, tar macadam is the only method to 
use, as compared with oiled or tarred w^ter bound macadam, 
where its initial cost can be afforded. 

Tar macadam, similarly to tar surfadng, has been used with 
varying degrees of success in various parts of India, and is 
now adopted as a standard in certain towns where a satis- 
factory q)ecification suitable to the local conditions has been 
arrived at by experience. It has been found that the climatic 
difficulties can be eliminatad by adherence to specifications. 

In this method, the broken metal, which must be perfectly 
dry, is first doated with hot tar, and is subsequently laid on the 
road and rolled in, less consolidation bring required than in the 
case of water bound macadam. It is derirable to apply a coating 
of boiling tar to the surface after the road has been used for traffic 
for several weeks. 

Good and suitable road metal is necessary, equally with the pse 
of. tar of suitable quality; in this connection, apart from the 
necessity for good wearing qualities, limestcme is found to promote 
an onderirpbly riippery surface when used in tar macadam, as in 
the case of tar surfacing. 

(The use of a tar matrix is partidulariy advantageous where 
. otherwise gqodmetal with bad binding properties has to be used. 

Genetiri directiotu for ttse of tar.mapadaia> f^ tw,' 
, jans)^^ lb! ^ Standard Boad . Board %erifieations. iti 
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. j!i.i :£alK>»i> ^ood remtlis iuiire <idbi^ed by uiiiiig oidbaiy 

ftm tu livated tip to 200° If, with 26 peir c«&t. of pi^ »ddod •, in 
tibio oweitWais foond neeibmaiy to ke^ the jBiotsl(for2 or 3 
idomthe); tuttil the coating' beeame “tacky,” as kid down for 
Tar Na 'i, iii the Boad Board Speoifioatioss, before kying and 
oonspUdatiiig^ ' 

Bdf-eontained portable machines for the preparation of tar 
<and bitomim^s) macadam, where such work is to be dcme on a 
largo scale, ' are manufactured. These machines dry the stone 
metal, heat the tar (or bitumen), and mix them together in jjhei’' 
proper proportions, discharging r^nlar quantities of properly 
coated metal. They can be drived by a steam road roller or tractor 
or other power unit of similar H. P. 

26. A q>ecification for the surfacing of a road with bituminous ®**"^°®* 
macadam (taken ftom “ ^ecification ” published by Technical jJLoa^sm. 
Journals limited, London), is given in Appendix LI. • 

This is a modern method of surfacing which should be studied. 

Tar macadam mixing plant (see paragraph 24) is used for such 
work on a large scale. 

26. General directions for surfacing with pitch-grouted Ktoh grout- 
macadam, and specifications for pitch, are given in the British 
Boad Board Specifications in Appendix XLIX, viz .: — ' 

Specification No. 3, Piteh-grouted macadam surfacing. 

„ No. 6, Pitch. 

This method is not so satisfactory as the use of previously 
mixed tar macadam. 

* 27. Cement concrete, or rtinforeed concrete, can be used instead 

of soling for the foundations of tar macadam or water bound jqmI 
tniti»iidii.Tn roads, (in addition to its normal use in paved roads, tonndstiona 
which are not dealt with in this Handbook), where owing to the 
heavy weight and speed of the traffic and the soft nature of the 
aubs^ increased strength in |oundations is necessary. 

'When used in macadam surfaced roads , the concrete is finished 
witha toothed surkce to form a key for the surfacing materi^. 

Particuiars <d cement concrete and rtiniorced conorete road 


. foundations (taken from “ ^edfications ” published by Technical 
JOutnals Ltd., London), ate given in Appendix UI. 

. The'ase of cem^t eoncrete or reinforced conmete roadounent 
isntfae^: ^ , bW ktg^)*' develcped ph highways in J^e United 

^ ekewhere. The dnrabihty cleanliness mufsetig. 
atid^althoiigh its initial;; cok 'cannot, bo 
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: ., ■ !?^wrtWDlcrs of eexae^t coscii^. ai^ reiafozeod e^ntiizieitej io^d 
mtfadoff fip<wpft “ SpocificalaoM” puJsJiBh 

JouriialB liiiutiBd, London) are given in.Appendis JJI, 

A method nf asphaltic soifacing, used aaooessfauy on reuifoceed 
oon^elie bndg;e decking in the N. W. Frontiw Frorinoe, for the 
.pnzpoee of waterproofing and hardening the Barface°of the concrete 
for traffic, is descnbed in Chapter VI, paragraph 47. 

Notffi on coner^ road design and eonstmotion fox India an 
girenbelow. 

OonontBiosd 29. As regards design, assuming s sound foundation, a subject 
which is dealt with later, the first question is the width of the 
jtolMia ^ adopt^. At first 14 feet was considered sufficient 

^ ^ bat so^great became the increase of traffic when the advantages of 

. the concrete road were realised that eminent oigineers have had 
to alter their views and it is reccgnised that a width of 18 feet is 
the best standard practice. 

itojcknMs. In certain dimates a uniform thickness of 6 inches for medium 
traffic and 8 inches for heavy traffic can be adopted as a safe 
standard, but in a hot climate otiier foctors come into play and 
after spending large sums in experimental work it has beou proved 
that the foUowing action will take place. When the temperature 
rises the surface of the concrete is heated first and therefore ezpan* 
sum tends to take place at a greater rate near the surface than 
beiow, causing the concrete slab to curl up at the aideB ; vice verm, 
on coding at night or in cold weather, the ecmtraction tendency" 
is again greater at the surface with the result that the concrete 
slahs tend to lift at the centre. Under these conditions it was 
found that Icarries ttavdHng with the near wheds about 2 feet 
from the edge of the concrete would in time bxedc the ccncrdie 
at that distance ftmn the edge, ^o meet this problem vadous 
do^QS submitted to fi^er hmvy teats and it was found 

9 inches thick at the edgea tapering to 6 indiea iit a iil^xme; 
bf 2 feet from the edge, Snd this dlowiCd cd rSdud^.^t whofo 
of t^ mid portion’ <xf shtbs to d imffiee, thick ,, 
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dkon i^d solid. : tiildus type of constmctiip ' / 

iio xeialtHie^wt: other titan | ineh fMU* is aecessary unless the 
' teuudwi^tH^ is bad. ' . 

Zt .iis Batpra% essential that the stone or gravdi and the sand M.*«rivi«- 
shoqld aB be free of any foreign matter, such as sulphinr, which 
would be mjatious to the oem^t, and whatever is used must be 
■clean. The stone should be graded from 1| inches to | inch and the 
sand sluniid all pass through a ^ inch square opening and not 
more than lfrj)er cent by weight shall pass a sieve having 50 meshes 
per lineal inch. If only a fine sand is available, it will be found 
that a greater quantity of cemmt must be used to ensure every 
particle of sand.being covered with cemmt. Unless this precaution 
is takm the concrete will faiL If the concrete is hand mixed, it 
is recommended that the sand tuid cement be mixed dry before 
adding the diy coarse aggregate and then the wh(fie mixed wet. 

The water should be clean and, again, in a country like India, 
it should be analysed to ascertain whether anything is (present 
likely to be injurious to c^eut and if this is the case a very simple 
treatment will probably eradicate the evil. 

The cement should be of the highest quality and slow setting, 
the diSerouce between quick setting and quick hardening is not 
always fully realised. A slow setting cement may be quick harden- 
ing and if this is the case it is an advantage in road construction. 

Generally speaking the proportion of aggr^ate to cement should 
<be 4 parts of coarse material to 2 parts of fine material to 1 part 
cement (4:2: 1). 

In towns it is sometimes preferred to make the road in two 
-courses, the upper bemg richer to withstand the concentrated 
wew and tear and in which case the top 1 J inches depth should be 
composed of 2 parts ^ inch to iucLohippings or crushed ballast 
to 1 part sand to 1 part cement (2 : 1 : 1) or not weaker than 3 : 

: 1. Should this method be employed the top course must be 
laid almost at the same time as the lower course and always before 
the initial set has taken place in the lower course. 

Ik ^ 0 w of the fact that these roads allow of high speed it is 
advisable to bank the eurves in proportion to th^ radius, the 
maximum saj^-eleTation ixhoold occur through the omtrehialf of 
jSle arc and diould taper aS for a distance along each straight 
. eqtud to a <!ltuirt<r of the IcHogth of the am^ 

: lii:.0n^ Britcfin these roads are often' constructed in alternate 
. bi^ sibeRit M Iset wide, the inteemediate bays being filled in aboat 
14 ^yC isdtett the initial canttactioni of the c<mcrete of 

.ptherolse-it s^peam/advisable 




soiF ink to eagtect tho eomteix to do wreiTtli^ 
k it Ml to ex|«ot it to ^wnjr loads o\rec an i&defii^ 
it is KeeeBsaxj theteforo to fixtmdoe tiie ioaOdation. If trill 
s^&d an oi^t'ton rdlsr it is good «aougli and all that is advisable . 
is to blind it with a thin layei; of sand or duppinj^ to eDsaTO tho 
oonor^ bang clean when deposited. If the foundation is 
liable to get spongy in wet weather and is then weak k sh-wld be 
properly drained by catting diagonal trenches at intervals about Id 
inches in width and dep^ and filling with gravdi or ^csne material 
which: will allow the water to drain off and thns keep the top 18 
inches fairly dry. 

If tile foundation is liable to expand and cmitraot a few inches 
of ashes rolled in will act as a cosbion between the material and the 
concrete and tiius prevent the latter from cracking. 

AH bonldng must be thoroughly consolidated and when the 
materiaJs for filling are not aU homogeneoas they should each be 
deposited in thin Isyers and not promiscuously. The use of a 
tai*t(m roUer is advised on banks. 


CoDsknotioni After grading the sub-base the forms should be set to the correct 

grade and made absolutely firm as the tamper wiU work on them 
later. These forms should be at least 2 inches thick. It should 
be remembered that if these forms are not firmly butted it is pro- 
bable that a ridge wiU show in the finished concrete surface. 

Before depositing the concrete the sub-base should he wetted 
in order that the latter may not absorb any moisture from the 
former. 


The concrete should be mixed to such a contistency that if 
stmuped on half a dosen times with a booted foot, it just tiiows a 
moisture on the surface ; the concrete is only wudcened by making 
it wetter than tiiis. About 6 feet of concrete tiiould be d^otited 
and tamped and the work followed up accordingly. As ea<^ 5 
fert or so is completed it should be immedisttiy coveted vq;> with 
^vaB,> care being taken that the surf ace is not disturbed. The 
n #ByaEi Should be ke^ .dasip. canvas, wbiob may be m frames 

i£,4e(&e^ shbuld be removed the n^ day and the emmr^ cover^ 
ior j^dni btahphea and k^t wd; for ten days, 
ttoaper for a ii^ad 18 fej^ wide may be made mit <^18 
ib^eabiy 2 intiMh, or b inches by ^ kn^es timbet .aecoipdi^K f b tire 
;;,Am^i'c^e«nWr^ is u^'A p^,^'}m)JieB' 
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as a 'bearixtg <m tbe forms, fho handies should be close to tbe 
end.' ' ■ '• 

Many engineecs prefer the side forms to project an inch above 
the level of the finished surface at the edge of the road so that the 
oOnet^ does not spew over the f<^ as tins would mc&e it neces- 
saiy to eottinnally clean it away from under the tamper where 
the latter bears on the forms. 

O&er points arise in the construction of a concrete road but in GeneiaL 
the above %re given the main points which if followed out carefully 
will give an excellent road. 


MAlKTBNaNOE OF BeRMS. 

30. The minimum width of berms to be maintained is laid down Bemw. 
in the road specifications, and, unless absolutely unavoidable, 
these widths must never be encroached on by stacks of metal. 

Where a road is unbanked, or is on a very low bank, there is 
usually a wide space between the linaits of the regulation berms 
and the lines of trees or borrow pits, wd it is important to maintain 
these outer bemas also in good order. For this reason the banked 
edges of the regulation berms should slope off gradually to the 
outer berms, so that wheeled traffic can m^e use of the full width 
of the road area when necessary. This also implies that earth for 
making up berms must only be taken from borrow pits ; digging 
holes in any other places must be strictly prohibited, and excava- 
tions must be filled in when th^ already exist. 

A good berm ^ould be such that in fair weather a motor car 
CMi traverse it without inconvenience or risk of severe jolts at a 
speed of 20 miles per hour or morre. If it fulfils this condition 
in dry weather, it will usually (if given a sufficient slope) be safe 
to use at slower i^eed in wet weather also. 

Slopes of berms must be within the limits specified in the general 
epecifications for roads (Chapter 11). 

Berms must be consolidated with hand rollers ox by efficient 
ramming, especiaily when such making up is necessary. Other- 
wise not only are they unusable by wheeled traffic for a long 
time after remaking, but also, in the event of heavy rain, they act 
bke a s^on^e^ and the water they hold is apt to pouetrate under 
v^e floJing ahd cauae local si^ 

; cuts meat Impr^^ « 

dm sttiep gniffimts, where carts like tor use i^e soft berms as 
tiie berms wms^uentiy get badly eht vip, ibty . 
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8i49 drains. 


pitt ito A^Bottnt nlut beimct be ley'di wiiii <nr l%hei dbe ; 
. iriiiiid etfttti'w first mt^o. Gldbd finumtgie Hiom tilie road 
batwaidb' ;is ’etweatial/ 

'Vbe .efwes in Wbieh berms «re to be soiedare mentioned in tbe 
general spemfications. for roads (vide Cba^^ 

Itdne 7 is often wasted and good berms are spoiled, following 
the tontine ptaetioe of drdudng them to a speedfied wiidtdi immedi-i 
ately after remetalling. An esiamate for remetallu^; most inelnde 
only what is aduc^f necessary for the mile in question fo keep the 
berms within the proper limifo of slope, and a stereotyped item for 
berm dressing most never be included. When remetalling with 
scari^ing, little or no berm dresslDg is usually necessary, as the 
s^aoe of the metal is not raised. 

Apart from the berm dressing' allowed for in remetalling 
estimates, all berm r^airs should be carried out by the regular 
road gangs, and usually it is only when the berms have been allowed 
to.ft^ into disrq>8ir by long negleot that any special xqpair expen- 
diture on Idiem is lejptimate. 

To ke^ berms in proper shape, or to effect extetunve repairs to 
them, the use of gauges made to specified slopes is essential. 

MAUrTENAJircB 07 Dbaikaob. 

31. The e<mstruotiou of a road along a hillside alters the whole 
{qrstem, of natural drainage, and improvements to the drainage are 
generaSy necessary as a result of the first rainy season after con- 
struotion. Imptovemenfo to drainage should be r^arded as an 
important duty ; they include providing additional culverts, etc., 
(as new works) in addition to improving drains. 

32. Side drains cm all roads are seldom big enough in the first 
instance, and can only be k^t in order by constant attention. A 
good road in hilly country will soon bemined durii^ the rains, 
if incessant attention is not given to clearing the side drains and 
removing small slips as soon as. they occur. 

Foe this reason the strength of road gangs should g^etally 
.l^inerieitaud during the season, on hUl sections liable to sfips. 

intimj^ains. it Ahonld be seen that ''watti; does no^ 1(%S; 
betwfMm-the foot 0 ^ tiie road hank and the tide .driuiii» bfit that 
8a:^iea!tt nptward tic^ ia giytii n^t . across tiie vtiiole tixlp cd: 
x^'bonndax^ ' On vtiy.fiat irtigat^ 
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Ooa.yny ol de^diiig witli sudi esBee is to divide up 
fleotimw oi suitt^lie leoj^ sod foim each section 
sicfpe (say 1 in 100) loUov^ by s sha:i^ di;(^, which 
ffios^ ^ coarse, he rev^ted like s diy stone retsiWg wall with 
{put^datibhs tkkan several feet below the nest step. The top 
sariEaee.of the wall should be given a fairly sharp dip to eoiiifine the 
flow to the^entre and disconrage cutting topnd the sides, and in 
additiau for some distance immediately above the crest of the wall 
the ground must be pugged or well rammed to prevent water 
getting dovm behind it. The foundations of the wall should be 
protectedowith a cushion of large loose stones sloping upwards till 
they merge into the nest flat portion or step, thus forming a water 
cushion. The flict that such treatment entails heavy expense 
points to the necessity of taking very rarly action to prevent cuts 
from getting serious. (See also Chapter l^n, paragri^h 15.) 

33. Side drains, catchwater drains, culverts , catch pits, scup- C3e^g 

pars, and causeways must be q^stematically cleared by tji« regular ^ 

road gangs. Special arrangements for mctra labour are usuidly 
necessary on lull roads after heavy rainfalls, but esa^ept in 8n<^ 

cases the regular road gan^ must be made responsible. 

UdAIHTlENAKCE OF BOAl) StSUCTUBBS JOSTD BOAD SiGNS. 

34. All road structures, particularly including river protection Roadttrno. 
works, must be trystematically and periodically inspected, and 
emergent repairs carried out without d^y. 

Lack of attention to systematic superviedon of this nature leads 
to such incidents as culverts collapdng under traffic, causeways 
being scoured out and destroyed, and bridges bang rendered 
unstable. 

Such inq>ectioBS must be made at least at the commencement, 
middle, and end of the rainy season. 

Oirection and warning signs, milestones, etc., should be annually 
r^ainted when funds permit, and emergently repaired at other 
‘times wben essential. Danger signs in particular must alw^s be 
kept in good order. Steel work on bridges, eto., must be periodically 
xepaihted. 

- Petfy repsdrs to anid renumbering of culverts, etc., should be 
smolarly draw 8nnua%. 


Boap 6awgs. 


stipes, :gliMb,.’nitibr''iw^ ate., 

^ tc.'and'ftbm',’ ,, ■ 



'■ burins '' ''' '. . :; 


(6^ Bm<mii§.dipa 

(7) Pe%icpi|U8todzy6l»m«wsBmg, ete. y 

(8) Eepbiting to the Sub-Oretseer in d»rge of tiiesr seciioa . 

Imy daioage to culretts, walls, etc., wbidi ^hey caisnot 
repair and partioularfy any nnsnthorised tree cutting. 


CkanposttiDn 

.OtBoftd 


36. A road gang consists of a mate and a certain number of 
coolies,, whose beat diould not usually exceed a section of .6 mil^ 
The strength may vary from a minimum of one cooly per mile 
upwards, according to local conditions, but it is essential that 
Hie gang shall work in a body under the mate, that thdbr duties 
shall be prescribed, daily or weddy by the Sub-Oveaseer, and that 
<he latter shall measure up thdr work r^ubtrly and outer it on the 
master roll. 


Each mate should alwi^s be held responmblo for the effidmit 
mamtouance of the section of road in Ms charge. A combined 
^stem of rewards and fines goes a long way towards achieving 
efficiency. Punishing individual road coolies is of little use : the 
mates diould be dealt with. 


A regular equipment of tools and plant (rammers, pickaxes, 
sbovds, screen, gauges, and hand roller for banns), diould be pro- 
vided for each gang, and held in charge by the mate, and where 
necessary a donkey with pakhals or tins should be attached to each 
gang for carrying water for road repairs. 


M«n«. 37. For the upkeep of roadside trees, malis should be emp%ed 

in ohaige of definite sections of road, with attached water donkeys 
only if Wells or irrigation water, etc., are not near the road. They 
should be held responsible for’ the trees and roadside' grass within 
^thfi road bfiundaries in their sections, and for tepontihg at once all 
‘cases wHfM dsmsge beyond then control. Becords ffiotdd 
be. niaiidiained of the approxlhiaie numbers and desmptioiti of 
. tn^ in Hieir chsige,; including particularly youi^ . trees, in endec! 

thHt wor]^^ 3 »ay*.;bc pr^eriy suparvited ; A (y«teah' c$ rewards 
{.xjiir.-ffisfiB xesi^ .m efEecH^e m their cate^ ^aaUy wi|bi . 
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llBTAltmKa Aim ItOAl) maiotenanoe. 

HmmmANCv or Boir XboiWES. 

Boat. ,)mdg« and ferries on Indian foads are maintained in Boat Bridges 
aooordaaee with local cpeoificationa and lulet^ a e^eoial establish- 
ment of boatmen, etc., being pecntanently emplt^ed at each 
bridge. ; 

A genecad description of Boat Bridges is given in Chapter VI, 
paragn^h 41. 

Attention most be given to the following points : — 

(i) I^oper maintenance of anchorages, suparstxaoture, and 

boats, and prompt replacement of d^eotive parts. 

(ii) Provision and apkeq> of warning, traffic capacity, and 

^eed limit road sigiys (see Chapter IX}. 

(iii) Provision and npke^ of gate barriers, and red lamps, 
for use at night and when the bridges are unavoidably 
closed for traffic owing to repairs, etc. 

(iv) The perpetual pr^ence on the bridges of duty boatmen, 

and watchmen at night. 

(v) The aimual replacement of portions of the boat bridge 
equipment, according to the life and wear of the various 
parts. 


Traffic Contbol. 


40. Adequate barriers and warnings must always be provided B **^ ,*^ 
at the ends of stretches of road under repair. These must be lit 

at night by red lamps, and watchmen posted at them (see Chapter 
IX, paragraph 4). 

Care must be taken that suitable diversioDS for traffic are 
provided, when the road is blocked for repairs, and that they are 
properly maintained. 

41. All breaches on roads due to floods, etc., which cause asreMhea 
stoppage of tiirough traffic, must be at once rq>orted by the Assist- 
ant OoDunandii^ Boyal Engineer to the local civil and military 
authorities, and also, except where they are of minor importsBce, 

to the superior Engineer authorities at District, Command, and 
Army Headquarters. 

The xecpenmg of the road to traffic, by provision of a dtversbn 
or repairs to tile breach^ mdst also he nntilarly reported. 

In i^e cast of breaches on roads inside Cantonmezits, other 
thmi theougb 'teuidc roads, ho sj^ecial. immediate r^^ort is;neoeB- 

ly heavy i^bahipad tramport 
he^at .nM^s ' . cpi^higatingth 

-pot d' 






. 


(a Poliee ^e i^sed loir 

3it.f<. Qwy4i^ft«hoiiU lurar in jdiy 

idieH par lipwin ItQla, Iroin spiaoy 

all «]aM!«B ^ yi^iolea ui iwogiRoiui seo^nw. i^ia^ 
Itmiti iwtioes imuy .be 'pjQstei! at all roc^plaoea, iiidbiiiag bri^goa 
wliiab wUl not stand meebanioal transpdirt convoys and b^vy 
vebieles at normal speeds. (See CSmptei V, paragraphs ^ to 37 
and Cihapter IX, paragraph 4.) . ^ 


VlWKilMiM 

eartiokcb. 


FMktnaa- 

pettrosdi. 


HaCiTBKANOS 07 UnHS|T4XLKD Hoass. 

43. With the mmeption of metaQing, the insfetjotions ngardiag 
the maintenance of roads apply folly to nnmetalled cart ro^. . 

Where light roo|^ metalling, as described in the general speci- 
^tion for onmethlled cart roads (Chapter HI), has been given on 
soft ground, this dionld be noainttuned, and improved similarly to 
drainage, by the road gangs. • 

44. In pack transport roads the roadway and drainage, and any 
stractnres provided, together with road signs, idioald be main- 
tained upon simUat principles, as appHeabla 

Daring the rainy season, small bunds should be made by the 
road gangs du^onally across the road in hill sections, wherever 
there is a tendency towards surface scouring. 


Boad Ihpbovsmbnt}. 

4&. Hoad imprbvmnents in tibe nature of original works may not 
be done as repairs, but petty improvements such as catting back 
comers, improving side drains, improving camber and soper- 
eleva^n, etc., can and should be done by the repair staS against 
ipaintmance estimates, as opportanity (rfters and fhnds pannit. 

46. When an emsting eart road is to be brought up to M. T* 
standard in adiBtkm to increasing, widening, and strmigtheidng 
bi^jBB ffild diilverlai, and improving comers, etc., the hietil^i^ 
be bi^ht ^ to stahdafd in the thickness as as in 


piUTemeatii. 
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CHAPTER XI. 

E«timating. 

Iirtroductory— RoadCoBstnictiMi Ettmuitm—Road Repair 
EetiquitM. 

Intboductoby. 

1. Meflihods of prepaiatiou of estimates, and ceitain procedure 
for ezecntion of work are given in Ibis Cihapter as a guide ; they 
diould be adapted as necessary to suit local circumbtances. 

These instrurtionB should Ibo read in conjunction vrith the re^ 
levant chapters on road construction and maintenance. 


Hoad OoNSTBTTCTioN Estimates. 

2. A road project for administrstive sanction should ordinarily Bosd Con- 
be composed of:- 

(i) A report, including a geneial description of the load and 

of the work pioposod. 

(ii) A general cqieciiication, appended to the report, (a le- 

ference to standaid specifications, supported by an 
eAplanation of any deviations therefiom, and includ- 
ing general specifications for all road structures, udll 
suffice, where applicable). 

(iii) A skeleton map, showing the road alignment on a scale 

of 2 inches to 1 mile, on which the limits of sections 
of the road, bridges and causeways, ^ould be marked. 

(iv) Abstract estimate of cost. 

3. For oonveoience of estimating and construction, a road, if 

more than 6 miles long, may be divided into suitable sections, Estimates 
usually of length from 4 to 10 miles. 

The following should constitute separate sections of a road 
project : — 

(i) Sstamate for prtiiminary survey. 

(U) Estimates for laige major bridges, including their ap- 
proaches, defences, and training works, as applicable. 

4. The abstract estimate tor a road, or for each section there- 

of, should be complete under the following items, as applicable : — mstes. 

I. Roadformation. 
n. Betaining walls. 

HI. Tramug works. 
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IV, Dnuiu. 

Y. Souppem. 

VI. CWverts. 

VII. Dtessiog 8tul lolling foxmation. 

Vm. Bosd psiapets. 

IX. Metal stacking places. 

X . Soling. 

XI . Metalling. 

XIT. Causervrajs. , 

Xm Bridges. 

XIV. Road signs (Warning, etc , signs and mile and furlong 


FtojMto. 


XV. Sidings and Parking Places. 

XVI. Land compensation. * 

XVII. Accommodation (tmipoiaiy accommodation, where 
necessary, for staft, labour, stores and offices, also 
' rest houses). 

XVm. Water Supply. 

XIX. General ooutingen&ies, including woiks charge estab- 
lishment, flood damage repairs doling construction, 
special tools and plant. 

XX Pbbtical charges (where necessary in Frontier Dis- 
tricts). 

5. A large bridge project should ordinarily be composed of ; — 

• 

(i) Ilqiort 

(ii) General specification. 

(lii) Calculations for waterway and foundations, and for loads. 

(iv) Sketdi map tiiowing catchment area (scide about 16 

miles to 1 moh wffi suffice). 

(v) Site plan and cross sections (as described in Chapter 

VI). 

(vi) Abstract estimate of cost. 


Xtdnui of 
Imm biidg* 
p(<q«ots. 


6. The estimate for a laige girder bridge^ for administiatire 
sanction, should be drawn q> under the following items, as appli- 
cable. In the case of bridges of other types the same general prin- 
ciples should be followed. 

I. Training Worlo. 

II. Hers and Abutments. 

III. Bridgehead Defences. 

IV. Supply of saperstiucture steelwork. 

Y^Bteotim of snperstraotnre steelwork. 

Vt Bzidgu roadway. 

Va Approaches. 

Vnt ocnmieDMiticiQ. 



MniuTcm; 


i6d 


JX. iboeommodstioiDi (tempoiary ao(K»nmod«fcion for staff, 
labour, aud stares, wbae necessaiy). 

X. EstabliAment. 

XI. Special tools and plant. 

Xn. General contingencies, including flood damage repairs 
during construction. 

Xni. Pditioal charges (where necessary in Frontier Dis- 
tricts). 

7. Skeleton abstract estimates, for a road section and for 
large girder bridge, are appended (Pistes Lin and LIF). ““ 

These illustrate suitable methods for the calculation and 
explanation of the amounts shown in the abstract esrimates. £x- 
planatbns of rates and costs /leed not be repeated in successive 
estimates for sections of a road ; they should be e^luined once 
in each case and the original es^lanarion or approval should be 
cited subsequently. 

The items should be amplified and modified as necessary to suit 
varying requirements (e.g., Protection and other pditical charges, 
and Serais for labour, are particularly applicable to roads in Fron- 
tier Districts, and bridges, etc., of different lypes require different 
items and sub-items). 


6 per cent, for contingencies should be allowed in the rough 
detailed estimates supporting the abstract estimate items. 

8. In the case of roads in cantonments, a road project should Boads ia 
consist of:- O«towa«»ta. 


(i) Report. 

(ii) General ^ecification. 

(iii) Section of cantonment map showing the road. 

(iv) Abstract estimate of cost, m suitable concentrated form. 

9. The general contii^eacies provision in a road or bridge esti- 

mate should not ordinarily exceed 5 per cent. oioi. 

In tile case (ff Frontier road projects, it may be increased, ordi- 
narily. to not more than 10 per cent. Special orders are necessary 
in such oases. 

10, Detailed estimates for the various sub-items of a road Detailed 

or bridge prqeet, for. technical sanction, should include, as appli- 
cable :-n . , 

(i) ESieets tiiotring the detailed survey of the road above 
with tiie kingitadinal section on the same setie Wow ; 

- WtisiWgtWientsof tiien^ 
rctafl (honld be given 5 the sttes of scai^ec^ culverts, 
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Itentier 

Koad 

Projects. 



11. The foUcmring remarkn apply particularly to Frontier road 
projects : — 

(i) Political charge, which are peculiar to Fioutier road 
projects, particularly in tiaos-Fioutier districts must 
bo assesbcd in conjunction with the local Political 
Agent, through or in conjunction uith uhom all pay- 
ments to contractors and tribal labour aie, as a role, 
to be made, and contracts for woik concluded. 

(ii) Political charges include: — 

Protection (t e , cost of tiibal guards or badiagas). 

Land Compensation (i.e., cost of acquisition ot land, 
ccanpensation for crops, irrigation channels, water 
mills, trees, and graves displaced b% the road 
alignment, etc.). 

Royalties on work done by contract (whero leviable). 

Miscellaneous political charges (eg., M. W. share of ex- 
penses of jirgahs at wh«^ contracts, etc., are db- 
cussed or settled). 

(iii) All expenditure on political charges must be certified 

in each case by the Fofitioal Agent and the Assistant 
Commanding Royal Engineer as being contingent upon 
the proper exeontion the work. 

(iv) In rtases of qieoiid emeigeiM^, the waiving of detailed 

esHmatea for c«ttaia items is somelfmes specially sano- 
^ tuned by the Goveenment of India, &g. 

AQ earthwork Hems (eis., eiimavatbn and filliag for toad 
fomatkm, sidii)gs> dtaini^ and metat staokHg 
planes). 
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RetH^ing Walls. 

Political Charges. 

Tejoaporary serais and godowus for labour and Mores. 

In such cases, which req[aire sperial sanction, all nie<ihuie- 
ments of work, and all bills, must he made or checked 
by a gazetted dBcer, upon which condition such 
sanction is contingent. 

(v) In special cases, in which, by reason of emergency, eali* 
mates for short sections of the road are prepared and 
sanctioned seriatim as the survey proceeds the whole 
of the section estimates may be incorporated into one 
omnibus abstract estimate, and an omnibus sanction 
accorded thereto, in replacement of the 8ei)arate sanc- 
tions to estimates fdr successive sections directly th( 
estimate for the last section has been prepared. The 
items of such an omnibus abstract estimate, which docs 
not include preliminary survey or largo bridge esti- 
mates, comprise the main headings I to XX ( see 
para. 4), as applicable, each item comprising the total 
of the amounts included for the cotre^ou^ng item 
in the section abstract estimates ; this permits of fi co 
co-ordinaldon of work and expenditure thiougbout 
the road. Such cases re.juiie special sanction 

12. Supplementary works (e.g. diversionh), and repairs, neces- Bepain 
sary on account of a road, or sectioa of a load, being opened and ’’“***' 
maintained for traffic before its constniction hah been completed, 
should in no case be charged to or included in the project t(»r the 
construction of the road. Such reiiairs and works, and the main- 
tenance after completion of a new road or section thweol, or a 
bridge, mnst be esrimaled for and financed separately. 

13. When any new road has been completed, a correct plan of Completion 
the road will be sent to the Surveyor-Wmeral in India by the Com- 

Royal Engineer concerned. 


Road Rbfaib Estivates. 

14. Two forms for use in estimating for road maintmianco areBe^ 
iQustrated in Appendices LV and l/VI, m., Form 1 “ Estimate 

of Average cost of Rood Maintenance ’* and Form 2 : — “ Ab- 
stract Esfamate of Remetalling ” (detail for sub-head II of Form 
(1) ). These foims, under the system here described, are in use 
wirii soooess in the N.-W. F. Province ; the system, with suitable 
modifioarioQS, is suitable for adoptum elsewhere. 

16, Form 1 rimwB in abstraet form for each road (or in 
donments or Cinl Stations for svxtahly olassified groups of roads) 
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tbe sventge aantul ex{>enditure requirad midec five parts as fol> 
lows: — 


Almonnal 

lOood 

Bamagee. 




lag. 


Part I.— Mamteoance (ordinary). 

„ II. -Bfflnetialling. 

„ m.— Maiatenanoe (^eoiai). 

„ IV.-— Special oliarges. 

„ V. — ^ArboricultuTo. 

The figures in Foim 1 r^re<ient averages throughout, and will 
only vary lightly annually tiU sufficient ezperiendh has been 
gained : changes in rates and the incidence of traffic will also pro 
duce variations from time to time 

After the figures in Parts I and III to V have been scrutinized 
and passed by the sanctioning authority, an allotment in full will 
bo made representing their total plus the total of Form 2, and 
this allotment must be made to cover all noimal expenditure. 

Form 1 should be submitted to the Commanding Royal Engi- 
neer by'lfith February. 

16. Abnormal expenditure due to e^eoial flood damages will 
be financed on demand from the central reserve kept by the Com- 
manding Ri^al Engineer or Chief Engineer. It therefore lies 
with Assibtant Commanding Royal Engineers to submit demands 
for extra grants duo to flood damages when and as they occur. 
It is incorrect to finance such abnormal rq)air8 from the averoge 
grant and make a lump sum demand later on when 8ubmittin.v 
the statement of changes in grants m the autumn. 

Assistant Commanding Royal Engineers will, however, put 
in hand really urgent flood lepairs at once, leporring their action 
with a lougli estimate of funds required, to be followed as soon 
as possible by an accurate demand based on detailed estimates, 
on receipt of which the extra allotment will be made. 

Arising from these instructions it follows that the average de- 
mands first entered in Form 1 should be made on the assumptiou 
that no abnormal flood damages will occur. Hence even if the 
necessity for some abnormal repair is known when Form 1 is pre- 
pared, funds for its execution are to be demanded separately and 
not husluded under the appropriate sub-head when preparing 
Form 1. 

.Abnormal flood damages include such things as the destructioa 
or setions damage of permanent woik and unusually heavy dips 
or oauaeway dearanees 

17. Whilst the average expenditure on xemetalling is entered 
in Part IX of Fom 1, the ^fctud amount required lor the eenuing 
year is oflNaHy est^ted and shown in Form 2. Its prepara- 
tion demands the inipection of every road ref eixred to in Chapter 
X p$ftip!apk'4, by 16& December. 
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IFona 2 Bhould be submiMrod to toe Commanding Royal Engi- 
neer by 6to Januaiy. 

Dozing Janoaiy toe Gmnmecnding Rc^al Engineer should, as 
&t as posuble, txaveise enreiy road with toe Assistant Command- 
ing Royal Engineer cooicemed, and pass final orders regarding re- 
metaUiiig so that by toe Ist Fobmaiy at latest Assistant Command- 
ing Ri^al Engineers will bh able to place orders for motal collec- 
tion for those miles which can best be consolidated in April and 
May. This ^iU enable e\rery sob-district to obtain a moch larger 
ou^ot pec steam roller than otherwise, which is essential for eco- 
nomic reasons. 

Colnnms 8 to 12 inclusive of Form 2 are only required for re- 
cord in toe Commanding Royal Engineer’s office, and must sbow 
actual current rates for toe items' concerned, and not schedule rates 
on which an unknown and variable percentage has to be added to 
make them comparable with rates in otoer sub-districts. Details 
of rates are not required to be submitted with ibis forln. The 
figure entered in Column 14 must represent the actual funds required 
to complete the mile concerned, after making allowances fox any 
metal already at site, replacing “ reserve ” metal, etc. There 
is no room oi| toe form for any column of remaiks, but when ex- 
planations axe necessary, they toould be entered on a separate 
toeet. 

From the above it is clear that the figures entered in Form 2 
requiie the careful scrutiny of the Uairisou Engineer and Assist- 
ant Commanding Royal Engineer, as they represent actual re- 
quirements for lemetalling for the year. 

Once the grant for this part of Foim 1 has been allotted, the 
Assistant Commanding Royal Engineci has no power to depart 
from toe detailed programme of remelalling approved by his 
Commanding Royal Engineer, without previous authority, and 
consequently can only rcappiopriate savings from this to other 
parts of Form 1. 

18. As noted above, Form 2 is due by Sth January, and Form 
1 by 15to February. Allotments m full should bo m^e as early 
as possible after Ist April, for each road or group of roads. Assist- 
ant Commanding Royal Engineers have no powers of reappro- 
pxiation between toe allotments so made, and may not ezoeed 
any allotfiient witoout first obtaining an metra grant (except as 
provided in paragraph 16 above). 

19. Aocconts will be maintained for each road or group of roads Aooouito. 
strictly in accordance with toe sub-heads entered in Form 1. 

20. SanctionB given by toe Commanding Royal Engineer orcomm«noe 
Chitf Ibigineeir to Forms 1 and 2 are authority for o^enditure 

in advance of allotment within toe amounts sanctioned, such ex- 



164 latJTABY BNOmEBB SEBTICE8 HAKOBOOS. 


pendituie being inonned against detailod estimates to be sanetionod 

the Assistant Commanding Boya! Engineei hims^ as te^niied. 

AddWoul 2L Applications for extra grants must be acoonqMmied a 

grants* clear explanation of the necessity and an abstract d the amount 

demanded under each part and sub-head of Form 2. As stated 
in paragraph 16, such demands are always to be made when and 
as the demand arises, so that the Oc/mmanding Royal Engineer 
or Chief Engineer shall be made acquainted with the cost <rf serious 
storm damages immediately after their occurrence. * 

BMdBoSen. 22. Whmi submitting Form 1, Assistant Commanding Royal 
Engineers should attach to it 

(i) A statement of road rollerb requited for the execution 

of the remetalling programme sanctioned in Form 2. 

(ii) An utimate of the cost of ordinary repairs of road rollers. 

(iii) An estimate of the cost of moving rdlers or of paying 
« thoir crews when the rollers are idle although fit for 

work. 

As regards (i) :< — ^The number of rollers is to be calculated from 
the total cubical contents of new metalling as sanctioned on Form 
1 divided by the average output per roller per working day in cubic 
feet. The total of roller working days thus obtained is then divided 
by a figure representing the estimated average output of working 
ibtys pel roller. The calculation is to bo reported in detail with 
an explanarion of the data on which the variable factors are used. 
These statements will enable a pTO}>er distribution of all avail 
able rollers to be made early in the year bv the Commanding R<^al 
Engineer. 

.4s regards (/?) •— The estimate for road roller repairs should 
exclude the cost of running stores and spare parts, the former being 
debited to consolidation and the latter to Tools and Plant This 
estimate is in fact intended to cover the cost of the annual over- 
haul in the Workshc^s^ which eliould always be carried out during 
the hot season, and it must cover the wages of the crews wheu 
retailed. Owing to the smal] amount of funds und» Tools and 
Plant, it may often be necessary iat the Commanding Royal Engi- 
neer to allot funds from his road repair grant to meet the cost of 
the above estimates, which, however, are properly debitable to tbe 
Tools and Bant grant. 

As regazds (m) :~-With proper administration and foresight 
tihe expenditure nader this head should be small As it oszmot 
Obnrtotl^ be chaiged to aiQr partieular toad, it is not convenient 
or ooriKot Jo allow lor it mSMt any of the sub-heads of Form }, 
BO this s«p«W general estimate is necessary, 

(nohsta 9$. Attentfcm idioaid bh iwdd to the necessity of cbaig^ tiie 
repain an^ dK)*rlddaii d all buEditigs delbitaUla to reads 4 ir etim- 
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manicafaonR under the appropriate itema in Parts 111 and IV of 
Form 1. 

24. On a separate sheet attached to Form 1 should bo given Mbeellww. 
the Mowing infotmalM, as there is no room for it on the form 
itself >— «d to «oti. 

0) Names or descriptions of buildings, and their capital*"*^ 

OObtS. 

(ii) Necessity for special repairs of above (if any). 

(iii) Oncrent wages for road coolies, mates, munshis, malis 

and chowkidars. 

(iv) Explanations of all notable variations from amounts 

last sanctioned on Form 1 (excluding Form 2). 
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APPENDIX I. 



Summary of fu3mg iimenno/M, etc., for metaSed roads. 
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id) In tQikd0k • • • 

<«) la metalled dips • • • • 

Outer sfepet ef embankmente* 

<a> Up to 2' higli ^ • 

<6) Over 2^ high . . • • 

Height of eubgrade, 

<a) In hill sections • . • . 

•(6) In plains sections^ normal minimam 


BjMQH 

OUmn. 

cumih. 

18' 

18' 

12' 

a a 

20' 

18' 

AH 

classes, I in 

4. ‘ 


Natural slope of soiL 


All classes^ nil. 


Boadeide drains^ 

( 0 ) Minimam width 

<6) Minimum depth • • • • • 

Width of adii»g. 

<a) Normal 

<6} On high sandy banks or dose to high 
bri&e abutments, and in metalled 
dips. 

<s) On oulTsrts and bridges metalled through- 
out* 


All dasses, W 
t. M 15' 


1' more than metalling. 
Clear roadway width. 


Width of metalling; 


Thickneee of eoling. 

Before oonsolidation-— 

(a) Normal, using quarried hard rock of 
large boddm 

<6) Using small boulders or softidi material 

<e) On mnbankments and other soft subgrades 
,and in metalled dips. 


All dasses, 6* 

»l Vf W 

„ M IT to 12^ 


WidHk€fmeUdliug* 

(a) Normal • . .. 

ibi On ourves td IW xa^us or less having a 
subtended an^e.of 45 or mme. 

{d pA bridgmanded^^ • « 

ICAjfsm'bMlbie dmeoUdallQin - ! " « 


16' 


20^ 


IW 


W 


12 ' 


FuU.tddih between whed guards. 


2 X 


I X r 


lx 






; 

> ..-'vj;' lim»* '.. 

CfMber^roidmfaci* 

Gn>wii ibpeiih^ 

(а) in . . • < 

(б) On corra . • . 

Width o/bemu. 

(а) dear vidth of roadway on either aide ont* 

dide metaOing exolading road parapets 
and side drains* normaE 

4. 

(б) Da hbnge 

(c) Overall vidtk 

Slope berm, ' 

(а) Normal in straighla • • • • 

{b) On corves 

Width of cvkerts, 

(Total length between abotmenta not ex* 
oeeding 120* 

Clear width between wheel guards— 

{a) Nottnal 

(б) Minimupi 

(e) Maximum 

WiMofSeuppere, 

(Paved ^pa not exceeding 20^ span) • 

WiM of bridges, 

Mittor brii^ s^total fen^h betw^ abut* 
mentanotexdeedii^ 

lengtii between abut- 
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ltm». 

amah 1. 

darts U. 

Class m. 

WWh cf eauHneaya. 




OrentU width 

IW 

18' 

12' 

Width of overflow bridges. 




Oveorall width • * 

IS' 

18' 

12' 

HeigM oj parapeis and hand rails. 




Above road auifaoe. normal— 




(a) On roadside parapet waUing . * • 

All classes, 2' 


(6) On culverts 


.. li' 


(e) On bridges . « . . . 


„ 2' 

• 

Head-room in tunnels and over bridges. 




(a) Over centre 8' of roadway « 

AU classes, 13' 


(b) Over side of roadway, minimum • 

»> 

» 8' 


Stdings. 




(When fiipe'*ial]y ordeied). 




Kormal dimensions — 




<a) Maximum length * • • 

All dasies, 06' 


{b) Maximum width . • • • 


10' 








miutaby mQvsmn sanvioas EAimBoox. 
PIATBIL 



^ /J the member £imibjfihe cram jkptiSjpte^M 



HAh & Lay cATAC^AB ont/ 3 C aeeorielhfh 
fhebee ACh D. Ujf (^C£^CDancfDBmxanlhikef/erilm 
At^ C e!^* #- EF^ 

^^’"B'kBobAus i^/us ^^~JSS3tSr 



tSSHSL . / \ 


LAekk ACafid(S 4 nio anm^ eAe^poritin/mih^ asjhem. 
Jhh /-/, <?-<?, /-/Ms The iffMer p 9 if^ ereenthea 


' >. Hi i *tf/ Ji,< '* hm* Jf.Eei 
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: APPENDIX m. 



Smmofjf of fulmg d/imensitmB, obs., for urmelaBed roads. 








of Wd 

(a) Orowii 8k^pe«, normal . • 

(d) In IkiQ aootiona . 


. . . ) fiiniO^O t 

1 1 in 80^ 

. 3 U “ 


InIKI-aa 


m SfhWt or ;oxoiHi 
slope 1 in 20-8Q;i 


WiM of euieerts. 

(l\>tal length betmen abotmenis not ezoeed- 
ing 12')* 

dear tridth between wheel guards, normal « 
Widih of$c»ppers. 

Baved )dSps not ezoeedlng 20' qpan 
Width of Md(foa. 

(Minor bridges, total length between abut* 
ments not exeeeding 100'. 

Major bridges, total length between abnt- 
ments exceeding 100'). 

dear width between wheel guards, normal . 




(where necessary). 
All classes, formation width. 


I^remqik of bridgts df ctdoertr. 


Kormal . 


Widih of eauHwayo* 


(when necessary).^ 


Oalonlated (where neoeesaiy) 
to take 12 Oalonlated to take 
ton steam Infantry orowded at 
roller with a oheok. 

»% to- I 

pact. I 


Owerail Width 


Widih cfooor^iHoMd^ 
Orerak widtibt . • . • 
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PUTEIV. 
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HmTAAY XSOnmSK SXKVIOBB SAKDBOOS. 

pun V. 








iJ?PBNDIOBIS. 

PUTS VL 


176 



h fSS. pmMax. Sftess In Masonryi 
f^Max. Stress on FountMions(tb.petJq.Fiy 


FMf^^erwso BaseDOt^iom ^ 209^ 
^-—p^h€ to 2 F' ^ ^ 
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VftliiM ol for a top iblck&eM of ^ 


Retaining Walk. 

(e&oept jleotttgii]«r walls). 


lEay 1 m oaod for top thick&aaMiB of B/S to B/^O althont apiireiiable em>r 

Bmo preiMUjmi are lor W»>100 lbs. ixar cu. Ft. For heavier lulls liicreare Bose preumres In p»po&tion. 


ISquatlon 

Ho. 


‘ Type of wall. 


Le^el FiU 
li/H Fuuali. 


Ixinatlon 

JNo 



Face Vertical 


Face MU 

M 

Faoe W 

*4 

FaoeS/1 

1 

vrnJT-^ 

FliMeVl 

V,To5-i 





Xc^wl £111 
B/U B^oals. 


V' 


T)p6oi wall. 


Face 4/1 
Vertical Back 
Bectaagular Bectlon 
S>nuuetrieal Section 


lace n/l Back Ver- 1 25 * 1 

ticai sS 


EQBATJOK HO. 



OMc 0 4iiii« position of 
f^e BSffultont Is SUdis^ ton ^ «w 
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TABLE m 

Waterway areas req a ireJ fur catduaeat areas. 

B«aed on tho JDun Drainage Table. 



ARAA OF WATSAWAi IJX 

SQ FT. 

1 

AAKA OF WATBAWAV Xti 

m rr. 

Oatobment 
Ar«a ill »q. 
MUw. 

IN Hiliis 

1\ PLilNK 

Catcluueikt 
Area in 

Mllfi. 

IN 

In Plains. 


1»% 

100% 


60% 

■ A 

120% 1 

1 

100% 

80% 

60% 

•01 

■ 

20 

1 6 

1 0 

12 

1 

888 

740 

692 

870 

•02 

48 

40 

3 2 

2 0 

14 

906 

• 806 

644 

403 

01 

1 00 

7 5 

50 

38 

16 

1038 

8G5 

((92 

433 

•00 

12 6 

10 5 

84 

5 3 

18 

1104 

920 

736 

450 

08 

162 

13 5 

10 8 

68 

20 

1104 

970 


485 

•10 

19 

16 

13 

8 

2) 

12% 

loso 

8i»4 

540 

20 

38 

32 

26 

16 

10 

1415 

1180 

SU 

590 

•80 

53 

44 

35 

22 

v> 

152S 

1271 

1018 

087 

•40 

57 

56 

45 

2'» 

40 

1020 

1350 

1080 

676 

no 

"0 

65 

53 

33 

50 

1812 

1510 

1208 

755 

60 

80 

74 

>9 

37 

60 

1980 

1550 

1820 

825 

•8(» 

106 

88 

70 

41 

70 

2136 

1780 

1424 

890 

10 

120 

100 

80 

60 

SO 

2280 

IWH) 

1520 

950 

mm 

141 

120 

96 



2418 

2015 

1612 

1008 

B9 

168 

140 

112 

70 

100 

2544 

2120 

1695 

1060 


192 

160 

128 

SO 

120 

2778 

2315 

18.i2 

1165 

■■ 

216 

IhO 

144 

(K) 

140 

mo 

2500 

2000 

1250 

80 

240 

2oO 

160 

1(K) 

160 

1198 

2665 

2n2 

1333 

8 5 

800 

250 

m) 

125 

180 

3S84 

! 2820 

2256 

1410 

80 

8<HI 

•MKl 

240 

160 

m) 

3504 

2070 

2375 

1485 

85 

s 

410 

340 

270 

176 

26) 

3970 

8308 

2046 

1654 

40 

466 

388 

310 

194 

300 

4338 

3615 

2892 

1908 

4-5 

600 

424 

389 

212 

400 

4998 

4165 

3832 

2083 

6 

546 

455 

364 

228 

600 

6552 

4610 

3688 

2305 

6 

611 

500 

407 

265 

600 

6036 

OO'JO 

4024 

2515 

? 

667 

550 

446 

278 

TOO 

6604 

5420 

4336 

2710 

8 

721 i 

601 

481 

301 

800 

6P60 

6800 

4640 

2900 

0 

760 

641 

613 

821 

900 

7296 

6050 

4864 

8040 

10 

S15 

679 

543 

$40 

1000 

7666 

6380 

5104 

3190 
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umTAKT xirennBXB bxbvioks HAjrDxoox. 

PLATE DC. 








TABLEX 

TaJUb of powwm lor UM m Egtuotiwti. 


X 

XI 

Xl -64 

X *64 

X } 

X 

XI 

1 

IH ) 

1*0 

1*0 

1*0 

42 

6-48 

ss 

1«59 

3*12 

1-56 

1*41 

44 

6*68 

3 

2-08 

6*06 

2*02 

1*73 

46 

6-78 

4 

2*62 

0>69 

* 2*42 


48 

603 

5 

2*92 , 

14*0 

2*80 

2*24 

60 

707 

6 

3*80 

18*9 

8*15 

2*45 

52 

7*21 

7 

3*66 

24*8 

8-47 

2*65 

54 

7*35 

8 

4*00 

80*3 

3*70 

2*83 

56 

7*48 

0 

4*83 

36*8 

4*09 

n 

3*00 

58 

7 62 

10 

4*64 

43*7 

4-87 

8*16 

60 

7*73 

11 

4*94 

6 M 

4*64 

3*32 

62 

7-87 

12 

3*24 

580 

4*91 

3*46 

64 

800 

13 

3*53 

67*2 

8*61 

66 

8*12 

14 

3*81 

75*9 

5*42 

8*74 

68 

8*25 

15 

6*08 

85*2 

5*68 

3*87 

70 

8*37 

16 

6*85 

94-7 

3*91 

4-00 

72 

8*49 

17 

0*61 

1050 

6-30 

4*12 

74 

8*00 

18 

6*87 

113 

6*40 

4*24 

76 

8*72 

19 

7*12 

125 

6-58 

4*36 

78 

8'83 

20 

7*37 

136 

6-80 

4-47 

80 

1 

8*94 

21 

7*61 

148 

703 

4-58 

82 

006 

22 

7*85 

159 

7-24 

4-69 

84 

9*17 

23 

8*09 

171 

7*44 

480 

86 

9*27 

24 * 

8*32 

184 

7*68 ' j 

4*90 

88 

0*38 

23 

8*59 

196 

7*85 

500 

00 

0*49 

26 

8*77 

209 

8*04 

5*10 

02 

0*59 

27 

9*00 

223 

8*26 

5*20 

94 

9*70 

28 

9*22 

237 

8*46 

5*29 

06 1 

1 

9*80 

£9 , 

9*44 

252 

8-68 

5*39 


9*90 

SO 

9*65 

266 

8*81 1 

5*48 

100 

10*00 

$2 

10*08 . 

295 

9*22 

5*66 

.. 


34 

10 * 49 . 

826 

9*60 

5*83 

.. 

• * 

30 

10*90 1 

358 

9*95 

6*00 


• • 


11*80 

388 

10*20 

6*16 

’ 

' •• 

40 

' 11*70 ' ' ’ 

423 

10*62 

6*82 
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CoseE. 


C?nfre vEEifre ot^n 

L ^ 

The Moment is greater for Case E for Spans preo/er fhon 
i/ax. MamentafP =[P*/?]^and x ' g 


Ooel 


i^r I 


Floo/z Beams. 

QsslJL 


I Lm Feet X Centre ffSfion -\^_ r Cmheet Cner^ 

CaseE/ seeobove) r^/. The Moment is pr&tkr fie' Cose E for 
spans greater fian L • MaxJtgomtfof^^^^-'^^ 




■j^i 
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* • • » 

TABLE Xa 

in longitiidiiul Slaba. Sttiagen and Girdm tor 
12-Ton Road RoDar pba 2S pot cant. Impact. Span* 1' to Sy. 



o2 



















































































WBlit iaB i mvioiis bahi^ox. 


MwbwH Ib OfowSkbt aad Rsadjoas m PSm tad Fhor BrnuuM hr 
12>'T<m Read Roller 25 per cart. Rnpoct. 


lCom«nt 

for 

Koxd 

Holtor 

Bear 

i^hMOi 

only 



XOIlIi iBlCRiriM Of 
Bl^UxlO&tJbD 
CONCEXm SLABS 


Moment 
pei ft 
width 
for 
dl%bs 


!liO wxarzag 
SVB rAca 


WtABlXO 
BUBlAd 70 
IBS hO FT 


lfi»d 

Spaclog |Br ft* 
ot of 

Floor floor* 

lx ims hoBin 

span 


rt It ibB Ft >t Ibo Ins Ids Ins 


8 762 2 21 1,60b 6i 

6^562 2 88 2 276 8 



4 86 8.064 


17,762 6f5 8,109 

20,662 6 21 8,810 S 

6 88 4,821 8i 

7 65 4,172 0 


47,402 0 56 

14 I 62,000 10 0 
16 I 68,888 100 


10 I 68,788 10*0 

* 60,260 10*0 

74.747 10*0 

10 I 8(>,242 10*0 

20 I 85,760 10*0 























































pacins af Ban in Slabs, 


'IS? 


I'g 

1 

'll 

f 

!W 1 
r* 1 

IN 

S' . S' 1 

D 

'■ © 

ar ar oSr ■ 

m^QRii 


af ar* 

S' ^ 

S' S* 

D 

SP S-' S' 

sr *» T 

m 

1 

1^31 

2h« **♦»» 

60 60 

' 

Steel 

Area per 
ft. width. 

*1 

6* 

CQ 

1 1 1 

' 1 ^ S 

»N ^ |i.i| 

^ n ^ 

iN iN 

Depth 1 

hfilAW 

centre 
of steel. 

1 

• 

Hei Hh Hh 

»«H f-t 

HM Mha ^ 

IN IN IN 

"Hi «Wi mHi 

IN . IN IN 

n 

Total 

o 

S . 

u ^ 

H 

a 

H 

oS 

a 

r-< C4 C9 

tmi pmi pmt 

^ © 

IN IN iN 

B 

Spacing in inches of Bound 

Bars for Diameters of 




Hw O 

Nt IN 

N< 



IN 

ar S' E? 

D 

© 

Hm ffiHi H« 

X t:* l> 

S* S' •“ 




ar S' sr 

m 

sr ^ 

60 «nHi Nn 

© © 

s? 

1 

$4 

11 

1 

i 

i 1 1 

? 1 1 

1 i 1 

HiJ 

1 

IN IM iH 

i4« H« 

pN IN IN 

1** H«* H# 

IN N* iN 

"S 



, tf- 

X © e 
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PUTC XV. 



Drcipiiie/&a 

btih fnds h premer/irosm. 

SEcrm 


'! '! 

. ! ! 



fV/pumer Atpnemrf waift 


Stones m US 
P.CMor^ 






/br4lbtbil6(jfetktbtb^ 

MkimMd* ittme Mtdimih m Vi/It 










7fr+c(jtp/fo^]f4) 


/ tJ!3i£,SS£ik^^ kss^tan/ikb useegfi/a^(4)fbr£, iMen h 
exceeds b ^rm mdrax mn at dkkf Mhrseedr^ txdkrnnnfhmE 
m ti /hm n edm/p ef/^4inllfftftdlm bese^J ihmjtlhmnarieeeb^eit/bin 


Spaas in Eeet 


Foa r/S«iTO 

1. For 1:2: 4 P.C. Gonoiote. Equa- 

tion (3) . . . . C« 

2. For H.D.V. Stone m lime . C- 

3. For Hard Bnrnt Brick in lime • C-« 

4. For Best Lime Cottorete . . C-- 


TO* 11* 

10 * 12 ' 

13^* I 

14* I 14 


6. Bforr/S-»itoi (hlessthanlib) V 6* 1' 0* 2' 0* 2' 4* 2' 8* V 8* 

6. P for P.O. Concrete or H.D. Stone m 1 0* 1' 4* V 7* I' Tl* 2' I* 2' f>* 

liime. 

7 V for Brick in Ume Ifortu . . 1' IJ' 1' 0' | 1' 10*1 2' 3* 2' 3* 2' 7J* 



Spans in Feet* 


12. C for 1 : 2 : 4 P. 0. Concrete. Equa- 

tion (3). 

13. 0 for G.D.V. Stone in 1:2 P.O. 

Mortar. 

14. 14 (8) for H.D.V. Stone in 1 : 3 P.C 

Mortar. 

15. 1 ^ (3) for Stone in lime 

Mortar • . . 

10. lt{3) for Hard Burnt Bricks in 


17. S for r/S»>i i (h less than 1} b) 
16. E for r/S«4> less than 14 b) . 
19 P for P.C. Ocnorete or BT.D. Stone 
in lime, 

20* P for Brick in lime Mortar 


21* Q lor 1 : $ : 6 P.C. Concrete • 

22. fCr bett Lime Concrete 
28. Load Iw Ptw Pbondeltos 

(see note briow) . , Tons 

24. Load for Abutment Ponnda- 
























metm mtitm rnmcm BAjsiDKbl 
FLAIfiXm 








PlATEXm. 





1 j 

1 ^ 

I 

•< 

^ M 

r 

-T^t*htk 


1 B 

L • 



^2t4f;Cy^ 
'orKrefe Ceps. 

\ 


5pem i for 
Ft. C I 0 

-WTm 

75* i'4 

m 54 H 

ISO 44^4 


J L ' imtim , 

li£ Li^^a^K>/^ss. 

bae Dmensions is suit foun^tm Makriaf. B genereFs about Hi. 
Tnmriessffiim t^/brMasoniybtLuneandMs^^Soiieffem^tMas&iri/. 
^mscpibSOB ^ (C). tv^*^ks " * ^ 

* * " CapTtkkntss^t^^i. h’*Me^i:T‘ThM(ne}S(^f5eraf^fbfnt^ 


/€ 



wimmimmMmjmx 


Troc^ig-, I fi.CSSid- 


£m- 


J. A Mf Concrete C<p. l3(br\^jB/m 

:8fem^B’‘(S< - “ IO‘fbrS&my' 

SJ-S/ms B^ii • \ T 


eno ^sisi. fs,. 

■ u‘fol4'5paf) t£.S.Jd*isl8 » iS » 

L Bfo BdSpan^ BFSJ. SWatf - // - 

‘V — 1 BtBhlMin«Bi»j9Scfrj. .^pace/IMs^fCGoatk 
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PLATE XK. 



Bo/f onoutxefe //e/eSfoffhef 
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TABEJEXX. 


Pbxssiu) Stsil TBOtraHiKo. 



4 X * 

I 

6X * 

t 

8X A 

t 

8i X A 

I 

7iX t 

A 

i 


Weight 
•per sq. 
foot. 

Section 
Kodnlns 
per ft. 
wide. 

Moment 
per foot 
wide 
f»6}- 
Tone. 

lbs. 

mm 

Ft. lbs. 

17-4 

* 6*0 

7,300 

20*8 

7*2 

8.720 

17*7 

6*8 

8.300 

21*3 

8*2 

10,000 

19*2 

8-6 

10,400 

230 

10*6 

13,800 

19*2 

10*0 

12,100 

23*0 

12*0 

14,500 

25*8 

15-5 

18,800 

30*0 

18*1 

21,900 

34*1 

20*6 

26,000 



Weight 
per sq. 
Foot. 

Section 
Modulus 
per ft. 
wide. 

lbs. 

Ins.’^ * 

281 

19>9 

32*6 

23*2 

37*1 

26-6 

25*7 

20*2* 

29*8 

23*6 

33*9 

27*0 

25*9 

22*1 

30*0 

25*8 

34*2 

29*6 

28*4 

31*0 

33*0 

36*1 

37*5 

41-2 
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1 Pfes^jSkelTrei^ii^fi^^dorbofkdhge^ \ Ofer.5P^S 
\Cef^nuousL 5*Z*iHa/fotO/T^0^fMiX ZBoHsptrAMnm^^ 


BAl^ CROSS SECTION. 


Clear Siian I' 


Modulus per ft. wide^roqulied 
DopthxTliickncss 



END EIEVATION. 


12' 

14' 

id' 

18' 

20' 

22' 

7v 

80 

30‘2 

12*2 

34-5 

170 

o'xir 

e-xj* 

erx,^ 

7rxr 

7^X1' 

9-xr 





12' 

U' 

16‘ 

18' 

80' 

22' 

24' 

28' 

1 ' 72' 

80' 

105' 

126 

162 

176 

SOj 

SS2 


18- @ 

20' @ 

20' @ 

trm 

8**'® 

‘84*^ 

24'# 

|. fiO IlMI. 

65 Ibi. 

66 IbiT 

a&lbi. 

76 Jfae. 

90 Ibe. 

90 Jbi. 

100 Ibt. 


New BtMk Btimdald Coetfoni an If oot avaCaldB w a B.SX wftli UoduliiB requited. 
letAfkHa^- tougjMiit S^XtV a.8J. at atwy#. ' ' 

EMMidiigd'^xiV* tlwiu&7, 

' lor tc^ MttiRav; ll!)Mtigtda Uk# |UU. iHNdi iKodnha gtna above x*S4< 
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PLATE Xm 
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PLATE XXm. 






II ^ 




• JBk9W97rT^±l } 

'I I 

j fjfVaa^'S { ! 

*i ' 

I ' ' 

U ' ! 

jit^^^^'SSayieof^ «n^ ml 
[A^memAorsaanXif^^ AieJj 



! 


rj^mi 

mm 

wm 


SuHbm 6 on /fk Earffk 

B C Concrgfe f:2'^4. 

£nds cfaf/iarj Aooked 
Jj/>/kes jUfj^re^i krieHockm^ 
anef wlr^ rc 


fyr MUn^ ikhaenshnsjas 
Table No. XXIV 
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APPENDICES* 


'Reinforced Concrete Piles. 


0 sat 


— Lpn^hof,Pf/e *■ 

-MermtJt'afe Hoa/un^ 

f- { f . i l l ■! I ' l ' i I ' shoes 

ITariable ->^-^0-^ »here nucisaiy. 


91axi- 

Outside j 

Coro 

mum 

Dia- 

Dia- 

Length 

iuetcr. 

meter. 

of Plkt. 



Feet. 

Inches. 

luchos. 


OOHOBBIE MIXITISE 1 : 2 : 4 . 


HEAD 8 PIE.U.. Hoorixn. I Tur spiral. 


Pitch. 

llounus.'Si>af'iiK». 

Inches. 

i 

SIz?. j luehi'K. 


^Jsix. i JiOail u r 
ioDc) 

.'Ser'iiotel fOfhli' 

. below. I tioiitf. 


liO 10 7 I ^ \ i j i 


1 I 8 I : 1 ] . ' J.VlOO 


25 12 \i 6 


I 10 


1 ■ Ji yO,i*iH) ; 25, (KM* 

I I 
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* TABLE XXm 

« Double Reinforced Beams. 

Comi^ressivo and Tensile Steel Peroeutages for Balanced Design with Values of 

fo=^.600, fa = 16,000 lbs. per Sq. Inch. 

Depth to C’om])ressive Steel 
d'=Dei)th to Tensile Steel. 


« 

7o Compros- 
sive Steel. 

dVd= 

•05 


d'/a 

= •15 

• 

7o Tensile 
Steel. " 

B M 

7f. Tensile 
Steel. 

B= M. 

bd> 

7o Tensile 
Steel. 

r^,?L 

btl’ 

‘0 

•07S 

95 

•075 

95 

•075 

95 

•2 

•77 

no 

•7.5 

107 

• 

•73 

104 

•4 

•87 

125 

•84 

no 

•80 

113 

•0 

•97 

140 

•92 

130 

. -SB 

122 

•8 

1-00 

153 

1-00 

142 

•93 

131 

10 

115 

108 

1-08 

154 

1-00 

140 

1*2 

1*25 

183 

MO 

105 


148 

14 

1-35 

198 

1-25 

177 

M3 

157 

1*0 

1-46 

213 

1-33 

189 

1-20 1 

166 

D8 

1*65 

227 

141 

201 

1-20 1 

175 

2-0 

1*64 

242 

1-50 

213 

1-33 

1S4 

i 
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APPENDIX XLIX. 

BrUish road hoard specifications for the tar treatment of roads^ 

Road Board Specification No. 1. 

General directions fob strBFACE tabbing on water-bound road. 

1 . Surface tarring may be advantageously applied eitbi^r to an old road* 
surface in good condition or to a new surface after it bas been consolidated! 
and dried, but tbe tarring should never be carried out unless the road is^ 
thoroughly dry. 

If there are any depressions, pot-holes, waves, grooves, 05 other irre- 
gularities, these should as far as practicable be made good before tarring 
is commenced, so as to provide an even (piiface. 

2. Painting and spraying machines get through the work of tarring more* 
rapidly than apidication by hand, and consequently are to be recommended,, 
but hand work gives satisfactory results, and the selection of the method' 
to be emplo 3 ’’ed must be largely' determined by the available suppty of 
efficient labour. 

3. If it is intended to tar an old surface it is advisable to take advantage 
of the early months of the year to scrape or brush the road during wet 
weather as a preparation for subsequent tarring, arid especialty to keep the 
road free from caked mud. 

4. If the crust of a road is thin at the sides, but adequate in the centre,, 
the sides should be strengthened and consolidated before application of tar 
to the surface. 

5. In re-surfacing any road the surface of which is afterwards to be tarred, 
stone chippings, and not fine material, should be used for binding. 

6 . The road whilst being tarred should be closed to traffic over half its 
width, or, where practicable, over its whole width. 

7. The road should be thoroughljr brushed and cleaned before application 
of the tar. Wet brushing should be used some time previous to dry brush- 
ing, if there is any caked mud. An^’ method of brushing lua^' be used which 
will scour and clean the road thoroughly*, the best being horse brushing^ 
followed by hand brushing. 

8 . Tar should be used for surface tarring which complies with either 
Boad Board Specification for Tar Ho. 1 or Road Board Specification for 
Tar Ho. 2, but if the heavier grade of the tar is used, care should be taken to 
apply it only when the road is well warmed hy the sun’s rays, otherwise it 
will not flow freely, 

9. The tar should be heated to its boiling point at convenient positions 
on the works, and should be applied as hot as possible, so that it may flow 
freely. The desired temperature will be generally found in practice to lie 
between 220^ and 240*'«Fahienh6it for Tar Ho. I and between 280^ and 280*^ 
Fahrenheit for Tar No. 2. 

10. In order that the tar should be applied to the road as hot as possibler 
it is advisable if the method of application is by hand, to use flexible pipes 
to oohvey the ter piom the boiler to the point of application. If these are 
not available^ it iviH be found convenient, in case of hand pouring, to use 
S-j^dbn eansapdn constructed for the purpose, fltted with, spouts lead^ 
ing dkeot fism the bottom of the cant, and being not less than Inches in. 
dhsmeter at t)^ bridge. . 
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11^ Immediately on application the liquid tar should be brushed so far 
as necessary to ensure regularity in thickness of the coating. 

12. The quantity of tar required will vary according to the physical 
conditions of the road* but generally in the case of a road to be treated with 
tar for the first time, the quantity should be one gallon to coat from five to 
seven superficial yards. 

13. If the road must be opened for traffic before the tar has set hard, 
grit should be spread on the surface to prevent the tar from adhering to the 
wheels of vehicles, but gritting should be delayed as long as possible and the 
quantity of gritting material to be spread should be no more than sufiicicnt 
to prevent the tar from adhering to wheels. Stone chippings, crushed gravel, 
CDarse sand, orV>ther approved material (free from dust) not larger than will 
pass through a ^-inch square mesh should be used for gritting. 

14. Precaution should be taken to prevent liquid tar passing directly 
through drainage gratings or outlets. 

15. For the safety of the public precautions should be taken by lighting, 

watching, and warning. • 

Notice boards should be placed in suitable positions tea'ing in largo 
letters printed in conspicuous colours the following words:-— 

CAUTION. r 

Tabbu^g in PRoaBBSs. 

f 

CrOLISTS iLBVISED TO WAEK. | , 

It is specially desirable to place warning notices at points in the neigh- 
bourhood of the work where other roads join or cross the road being tarred, 
to enable motonsts and cyclists to avoid the obstructed road by taking 
any available alternative route. 

16. On heavily trafficked road it is advisable to apply a second coat to 
either the whole width or from 9 to 12 feet of the centre-of the road in quan- 
tity of one gallon to coat from 8 to 10 yards super, about two to three months 
after the first application. 

17. Surface tarring should be renewed annually on all important roads, 
and as required on roads with light traffic. On such re-coatings the quantity 
of tar to be applied will vary with the extent to* which the previous coating 
of tar has been removed by weather or by traffic. 

18. Two or more samples of the tar used should in all cases be kept in 
quart tin cans, and be carefully labelled, including particulars fixing the 
locality or length of the road on which the tar was used. The Boad Board 
will arrange with the National Physical Laboratory to submit a selection of 
these samples to a series of chemical and physical tests with a view' to the 
results being recorded for future reference, and surveyors w'ill from time to 
time be invited to send samples for the purpose. 

10. In all cases careful recor * should be kept of the condition of the road 
surfaces in winter and summei, Soth before and after tarring, the quantity 
and quality of tan used, the supet dcial area covered, the state of the weather 
when the work is being done, the time occupied in actual w^ork, and in wait- 
ing whilst work is stopped owing to wet weather, the number of men employed 
and full details of the cost of labour and material. 

20. Surveyors are recommended to have samples of the tar supplied to 
them under contracts properly tested by a qualified analytical chemist for — 

{!) Specific gravity. 

' (2) Freedom from water. 

h2 
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(3) Fractionation. ** 

(4) Free carbon. 

XoT£. — These general directions are not intended to displace or to dis- 
courage the use of proprietary articles of which there are several of proved 
value. 


Road Board Specification No. 2. 

Gekbbal directions fob subfacinq with tab macadam. 

I . Any road which is to be surfaced with tar macadam should have a 
proper foundation or sub-crust of adequate thickness to the traffic 
likely to use it. 

!2. Before laying a new surface of tar macadam the thickness of the old 
crust, including foundation, should be ascertained by opening trial trenches 
at intervals averaging about 150 yards extending from the haunch of the 
road to the centre, such trenches to be made alternately on opposite sides 
of the road. 

' 3. The thickness of the surface coating of tar macadam when consolidated 
by rollii^g should be not less than three inches, according to traffic require- 
ments. For a greater tliickness than 3 inches the material should bo applied 
in two coats. 

4. In the case of naturally hard cub-soils, not materially softened by 
infiltration of surface water, the total thickness of the road crust, including 
foundation, if any, after consolidation of the new surface of tar macadam 
by rolling, should not under ordinary circumstances be less than 6 inches, 
unless the sub -soil is so hard as in itself to act as a good foundation, in which 
case the thickness of the road crust may be reduced to 4 inches. In the case 
of clay or other yielding sub-soils the total thickness should not be less than 
11 inches. 

5. The finished sui’face should have a cross fall of about 1 in 32. 

If the crust is not sufficiently thick at the crown to enable this cross fall 
to be obtained with a new coating of the thickness above mentioned, then 
the old surface should be left intact and unscarified and the thickness of the 
new coat of tar macadam increased as far as may be necessary. 

If the crust is of sufficient thickness for the purpose, the regulation off 
the cross fall should be carried out by scarifying the surface and removing 
material from the crown to the sides previous to the application of the new 
coating. The material loosened by scarifying should be screened and all 
finer material than i inch should be thrown aside. 

6. The aggregate of the new surface of tar macadam should be composed 
of broken stone oi approved quality, or selected slag of approved quality, 
andi should consist of 60 per cent of 2-inch Standard gauge, and 30 per cent 
of 1 j-inch Standard gauge, and 10 per cent of |-inch to j^-inch size should be 
used for filling the voids during rolling operations. 

In the case of two-coated work the sub-crust should consist of 2-inch Stan- 
dard gauge stone, and the wearing suface Ij^-inch Standard gauge stone ; 
10 per cent of f-inch to }-inch size stone should be used for filling the voids 
during rolling operations. 

7. The stone used must be thoroughly dried before being coated with 
tar. ^ 

3. For making tar macadam tar should be used which complies with 
Boad.Boa^ Spom^dation Tar No. 1, or Hoad Board Specification Tar No. 2, 
the choide beinj^etermined by the circumstances of each case. 

If tar :No« % has , been used lor tarring the stone, care should be taken, 
hii^dlaliy.hrhot wither, that th® tarred material has been allowed to stand 
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Cor a sufficient length of time to allow the tarred suiiace of the stones to be- 
i!mie partially hardened and in a tacky condition. 

If tar No. 2 has been used for tarring the stone, the macadam should 
bo laid soon after being tarred, and the stone coated with such tar should 
preferably be laid when the road is quite dry and in warm sunny weather. 

9. The quantity of tar used to coat one ton of stone should be approxi* 
mately from 9 to 12 gallons, varying according to the sizes of the stone, the 
grade of tar used, the method of mixing and other conditions. 

10. The tar macadam after having been spread and levelled should be 
rolled into a smooth surface, but too much rolling should be avoided. 

Less rolling is required than in the case of water-bound macadam. 

A 10-ton roller is a suitable size for use in m: st cases, but good results 
can be obtained by using an 8-ton roller and finishing with a 10-ton roller, 

11. In order to get the best results from the use of tar macadam it is 
advisable to apply a coating of tar to the surface after the road has been used 
by traffic for several weeks, not loss than one gallon of tar being used for 
every 6 super yards of road surface. This tar should eornpiy with the prot 
visions of Road Board Specificatichi for I'ar No. 2 and should be poured or 
sprayed on the surface at a temjierature of about 270® Fahrenheit. 

12. Stone chippings, crusherl gravel, coarse sand or other approved! 
material (free from dust) not larger than will pass through a J^noh square 
mesh should be used for gritting. 

Notk. — Th<‘se general directions arc not intended to disx>lace or 
discourage the use of proprietary articles of which there are several of 
proved value. 

Road Board Specification No. 3. 

General directions for surfacing with pitch-grouted macadam. 

1. Any road which is to be surfaced with pitch-grouted macadam should 
have a proper foundation or siib-cnist of adequate thickness to bear the 
traffic likely to use it. 

2. Before laying a now surface of pitch-grouted macadam the thickness 
of the old crust, including foundations, should be ascertained opening 
trial trenches at intervals averaging about 150 yaids extending from the 
haunch of the road to the centre, such trenches to be made alternately on 
opposite sides of the road. 

3. The thickness of the surface coating of pitch-grouted macadam when 
finished and consolidated by rolling should be 2 J inches to 3 inches (except 
on very light traffic roads, when the thickness may be 2 inches) for single 
pitch-grouting, and from 4 inches to inches for the double pitch -grouting 
hereafter described. 

4. In the case of naturally hard sub-soils, not materially softened by 
infiltration of surface water, the total thickness of the road <!iust, including 
foundation, if any, after consolidation by roiling of the new pitch-grouted 
surface, should not under ordinary circumstances bo loss than 6 inches, 
unless the sub-soil is so hard as in itself to act as a good foundation, in which 
ease the thickness of the road crust may be reduced to 4 inches. In the case 
of clay or other ^fielding sub-soils the total thickness should not be less than 
11 inches. 

5. The finished surface should have a cross fall of about 1 in 32, 

If the crust is not sufficiently thick at the crown to enable this cross fall 
to be obtained with a new coating of the thickness above mentioned, then 
the old surface should be left intact and unscarified, end the thickness of the 
new pitch-grouted coating increased as far as may be necessary. 
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li the crust is of sufficient thickness for the purpose, the regulation of 
the cross fall should be carried out by scarifying the surface and remoTing 
material from the crown to the sides previous to the application of the new 
coating. Material loosened by scarifying should be screened and all material 
finer than half -inch should be thrown aside. 

6. The material to form the pitch-grouted macadam should be of approved 
quality broken to Standard 1^-inch gauge. In addition to this, 10 per ' cent 
of chipping of the same stone, varying from f inch down to f inch, should be 
used for | closing after the grouting with the melted pitch. 

7. For making pitch-grouted macadam the pitch used should comply 
with the Road Board Specification for Pitch, its viscosity being altered to 
suit climatic and local conditions by varying the quantity of tip tar oils as 
specified therein. 

S. It is important that the pitch should not be poured if the surface of 
the stone is wet. The stone may be protected by tarpaulins, or, if wet, 
may be dried in situ by portable blowers or other means. 

9. The material after having been spread and levelled must be rolled 
down dry without chippings until the stones present a mosaic surface. 

10. The quantity of pitch required to grout a single coating is approxi- 
mately for a consolidated thickness of 2 inches IJ gallons per yard super, 
for 2^ incht'S l|r gallons per yard super, and for .3 inches 2 gallons per yard 
super, but these quantities may vary with different materials, and care 
must always be taken to fill the voids. 

11. The pitch, after being carefully melted as described in Clause 18, 
must be raised to a temperature of 300^ Fahrenheit. * Clean sharp sand must 
be heated on sand heaters to a temperature of 400^^ Fahrenheit. A dandy, 
or portable mixing vessel, is then to be filled with equal parts, by measure- 
ment, of the heated pitch and the hot sand and the mixture, hereafter called 
the matrix, is to be kept well stirred while it is being emptied from the dandy, 
or portable mixing vessel, into pouring cans of from 2 to 3 gallons capacity 
which are used for pouring the matrix on to the roadway. Not only during 
the process of mixing but afterwards right up to the time of actual pouring, 
the matrix must be kept well stirred. The matrix prepared with pitch in 
the quantities specified in Clause 10 should be sufficient to fill the voids. 

12. The final rolling should be commenced immediately after pouring 
the pitch matrix, and carried on rapidly before the matrix has time to set. 
The 10 per cent of graded chippings should be spread over the grouted sur- 
face in part previously to and the remainder during the process of roUing. 
The traffic may be allowed on to the finished surface as soon as the surface 
has cooled to the normal temperature. 

Doublx ktch-oboutino. 

13. When tte traffic is so heavy that a consolidated thickness of from 4 

inches to ijotches of pitch-grouted macadam is required, it is desirable, in 
order to obtain the best and most economical results, to divide the coating 
into two layers, the bottom layer to be the thicker one and to consist of 
large stone, the two layers being rolled down and grouted separately. Any 
local stone which can be procured cheaply may, it suitable in quality for 
foundation work, be used for the bottom lajrer graded from 3-inoh Standard 
jl^uge down to 2-iif6h Standard gauge. . No chippings are required for finish- 
ing the rolling of the bottom layer. The mat^al for the upjper layer should 
consist 0f hard?oad*8tone of approved wearing quality, broken to l|-inch 
StMdard gauge, an4 .IO per cent of clippings cd the same stone for the 

:;i|ppbr gntded' from fa^f-inch quarter ifieh^ should be added 
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before and during tlie process of rolling, and rolled dotm so as to form the 
finished surface of the road. 

14. In pouring the pitch on the bottom layer the surface of the pitch 
should not be brought to the surface of the stone, but should lie about half* 
inch below such surface, with the object of providing a key for the upper 
la:;fer. 

15. The materials and thp methods of grouting and laying down in the 
case of double pitch-grouting should, except when otherwise expressly 
stated, conform to the provisions of Clauses 7, 8, 9, 11 and 12, 

16. The quantity of pitch required for double pitch-grouting is approxi- 
mately for a consolidated thickness of 4 inches 3} gallons per yard super, 
and for 4jf inches 3^ gallons per yard super, but these quantities may vary 
with different materials, and care must always be taken to fill the voids in 
the surface coating adequately. 

17. For the purpose of accurately ascertaining the proportions necessary 
for the matrix, it is essential that portable weights, scales and measures 
be provided, and all materials uled in the preparation of the matrix should 
be accurately proportioned by weight or measurement. 

Instbuottons fob mbltino the pitch. • 

18. The pitch boilers of from two or three tons cax>acity should be charged 
with pitch and about one-half of the proper proportion of tar oils. The fire 
should then be lighted, and thereafter a'steady fire, with fire-doors closed, 
should be maintained, when, in from four to five hours, the pitch should 
be thoroughly melted. A bright fire should be kept until the pitch reaches 
a temperature of 300® Fahrenheit, when the remainder of the oils should be 
added and the mixture thoroughly stirred ; the fire-doors should then be 
opened and the temperature of the melted pitch permitted to fall to 260® 
or 270® Fahrenheit. The pitch should then be ready for use, and in all cases 
should be thorouglily well stirred before being drawn off. 

In the event of bad weather stopping the work of grouting the fire-door 
should be left open, the damper closed, and the temperature of the pitch 
allowed to fall to 200® Fahrenheit. It can be kept at this temperature for 
long periods with banked fires consuming about 7 lbs. of coke per hour. 

It is recommended that a suitable Fahrenheit thermometer with metal 
protection should be at hand to indicate the temperature of the molted pitch. 
Whenever the weather is favourable for the recommencement of the work 
the pitch must be again raised to 270® Fahrenheit by closing the doors and 
sharp firing. 

It is desirable that the boiler should be kept air-tight when the pitch is 
being melted, by the use of air-tight covers properly packed so as to make 
an air-tight joint. 

Note. — These general directions are not intended to displace or to dis- 
courage the use of proprietary articles of which there are several of proved 
value. 


Road Board Specificatioii No. 4. 

Speoifioatioh fob Tab No. 1. 

1. This tar is suitable for the surface tarring of roads. Geaetai. 

As to the use of this tar for making tar macadam, see ** Boad Board 
General Direotions for Surfacing with Tar Macadam.” ^ 

2,. The tar should be heated to such a temperature that it will reach the Heating. 
iMd surf aoe in a highly fluid condition. The necessary temperature to attain 
^his end will vary with the mode of application of the tar. The tar should 
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be heated in a heater or “ boiler ” specially designed to prevent frothing^ 
fdiioh will otherwise inevitably occur if the tar contains even a small per- 
centage of water. The desired temperature will generally be found in 
practice to be between 220° and 240° Fahrenheit or 104° and 116° Centi- 
grade in the heater or boiler. 

3. The tar shall be derived wholly from the carbonization of bitumiiftius 
coal except that it may contain not more than 10 per cent of its volume of 
the tar (or distillates or pitch therefrom) produced in the manufacture of 
carbuiretted water gas. 

4. The specific gravity of the tar at 16° Centigrade (69° Fahrenheit) 

shall be as nearly as possible 1‘19, and in no co^c shall it be lower than M0 
or higher than 1*22, ' 

6. The tar shall be commercially free from water, ».e., it shall not cen- 
tain more than I per cent by volume of water or ammoniacal liquor, which 
water or liquor (if present) shall net contain more ammonia, free or com- 
bined, than corresponds to five grains of ammonia per gallon (=70 milli- 
grammes per litre) of the tar, * 

The amount of water or liquor is to be deteimincd by conder.fcation fjcm 
the products of distillation of the tar by cooling with a cold water condense r. 
Any water so condensed, after measurement, should be separated from light 
oils which may have condensed with it, and the amount of ammonia in it 
should be estimated by direct titration with Standard acid. The amount 
of ammonia thus determined should bo calculated in terms of grains of 
ammonia per gallon of tar. 

6. On distillation in a litre fractionating flask one-half to two-thirds 
filled, the tar shall yield the proportions by weight of distillates stated 
below ; the temperatures of distillation being read on a thermometer of 
which the bulb is opposite the side tube of the flask— 

Below 170° Centigrade or 338° Fahrenheit, not more than 1 per cent 
of distillatii (light oils), exclusive of water. 

Between 170° and 270° Centigrade or 338° and 518° Fahrenheit, not 
less than 16 per cent and not more than 26 per cent of distillate 
(middle oils). 

Between 270° and 300° Centigrade or 518° and 672° Fahrenheit, not 
less than 3 per cent and not more than 10 per cent of distillate' (heavy 
oils). 

TUe total distillate between 170° and .300° Centigrade, or 338° and 672° 
Fahrenheit, shall be not less than 24 per cent and not more than 34 per 
cent, i.e., where the middle oils approach the maximum allowed, the 
heavy oils should approach the minimum allowed and vice t*srad. 

7, The distillate between 170° and 270° Centigrade, or 338° and 618° 
Fahrenheit (middle oils), shall remain clear and free from solid matter (ciye- 
tals of naphthalene, etc.) when maintained at a temperature of 30° Centi- 
grade for half an hour. 

This requirement may be waived in the case of tar supplied direct from 
g^s works, but tar from which the naphthalene has been extracted is pre- 
ferable to tar containing much naphthalene. 

8* The distillate between 170° and 270° Centigrade, or 338° and 618° 
Fahmiheit (middle oils), shall not yield to caustic soda solution more crude 
tar aolde (phenols) ;tban is equivalent to 3 per cent by volume of the tar. 

9. The tar shal^ contain not less than 12 per cent and not mere than 21 
per cent by weight of free carbon. The free carbon is to be determined by 
complete of the bituminous matter*, from a weighed portion of the 

tPfr by benzola^ bisuiphide of carbon. The imdue left on treatment with 
tmeextraclavenistQbetah^as^freecarl^ 
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Road Board Specificatioii No. 5. 

SPEOmOATION FOB Tab No. 2. 

1. This tar is suitable for making tar macadam and also may be used for Oenem*. 
surface tarring in very hot weather when the road crust is exceptionally dry. 

2. For surface tarring, the tar should be heated to such a temperature jicatinp. 
that it will reach the road surface in a highly fluid condition. The neces- 
sary temperature to attain this end will vary with the mode of application 

of the tar. The desired temperature will be generally found 'in practice to 
be between 260® and 280® Fahrenheit or 124° and 138® Centigrade in the 
heater or *** boiler.” The tar should be heated in a heater or “boiler” 
specially designed to prevent frothing, which will otherwise inevitably occur 
if the tar contains even a small percentage of water. 

For the preparation of tar macadam the tar will not generally need to be 
heated to so high a temperature as for surface tarring, but the necessary 
temperature should be determined largely by the sensible heat of the stone 
treated with the tar, and the mode of application or treatment. 

3. The tar shall be derived wholly from the carbonization of bituminou®' source of the 
coal except that it may contain not more than 25 per cent of tts volume of 

the tar (or distillates or pitch therefrom) produced in the manufacture of 
carburetted water gas. 

4. The specific gravity of the tar at 15® Centigrade (69® Fahrenheit) Specific pravity, 
shall be as nearly as possible 1*21 and in no case shall it be lower than 1*19 

or higher than 1*24. 

5. On distillation in a litre fractionating flask onc-half to two-thirds Fractionation, 
filled, the tar should yield the proportions by weight of distillates stated 

below ; the temperatures of distillation being read on a thermometer of 
which the bulb isoppositethesidc tube of the flask — 

Below 170® Centigrade or 338® Fahrenheit, not more than 1 per cent 
of distillate (light oils and water if any). 

Between 170® and 270® Centigrade or 338® and 518® Fahrenheit, not 
less than 12 per cent and not more than 18 per cent of distillate 
(middle oils). 

Between 270° and 300° Centigrade or 518° and 672® Fahrenheit, not 
less than 6 per cent and not more than 10 per cent of distillate (heavy 
oils). 

The total distillate between 170® and 300® Centigrade, or 330® and 572® 

Fahrenheit, shall be not less than 21 per cent and not more than 26 
per cent, i.e., where the middle oils approach the maximum allowed 
the heavy oils should approach the minimum allowed and nee vend, 

6. The distillate between 170° and 270° Centigrade, or 338® and 618° yapMhttleisc, 
Fahrenheit (middle oils), shall remain clear and free from solid matter (crys- 
tals of naphthalene, etc.) when maintained at a temperature of 26® Cent!* 

grade for Jialf an hour. 

7. The distillate between 170° and 270° Centigrade, or 338° and 618° 

Fahrenheit (middle oils), shall not yield to caustic soda solution more crude 
tar acids (phenols) than is equivalent to 2 per cent by volume of the tar. 

8. The tar shall contain not less than 12 per cent and not more than 22 cmrloii. 
per cent by weight of free carbon. The free carbon is to be determined by 
oompiete extraction of the bituminous matter from a weighed portion of the 

tar by benzol and bisulphide of carbon. The residue left on treatment with 
these exhractives is to hie taken as “ free carbon.’’ 
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Ths tsstihg of tar. 


« 


The compliance of a sample of tar with the Boad Board Specifications 
for Tars No. 1 and No. 2 can be ascertained only in a chemical laboratory. 
But in oases where it is desired to ascertain in a quick and simple manner 
whether consignments of tar differ fundamentally from an approved sample, 
or whether they are of the No. 1 or of the No. 2 grade, the following simple 
tests may be of service : — 


(1) Specific Gravity. — The specific gravity may be ascertained quickly 

and with a sufficient degree of accuracy by means of a hydro- 
meter, to the readings of which a correction for deviation of 
temperature from the standard temperature of 15^ Centigrade 
or 59® h'ahrenheit is applied. A hydrometer for the range 1*16 — 
1-24, which is wholly made in German silver, and will stand a 
reasonable amount of rough usage, is convenient, and this may 
be obtained in conjunction with a temperature corrector consist- 
ing of a substantial thermometer graduated to show directly 
the addition which should be made to the hydrometer reading 
when the temperature of the tar is above 15® Centigrade or 59® 
Fahrenheit. If a portion of the tar is poured into a suitable vessel , 
stirred, and the metal hydrometer and temperature corrector 
inserted in it, the specific gravity of the tar at 15® Centigrade 
or 59® Fahrenheit is obtained in two or three minutes even though 
the temperature of the tar at the time is considerably higher than 
15® Centigrade or 69® Fahrenheit. 

The specific gravity of a tar i s not by itself a sufficient indication of the 
utility of the tar. 

(2) Viscosity. — A standardized viscosimeter will show quickly whether 

a sample of tar is of the No. 1 or of the No. 2 grade, or whether 
a consignment differs fundamentally from an approved sample, 
but since the viscosity of tar varies greatly with its temperature 
it is necessary that readings of viscosity, in order to be comparable, 
shm^i be made at the same temperature. The temperature of 
^|K|itigrade (77® Fahrenheit) is a convenient standard lemper- 
for observations of the viscosity of tar, and it is necessary 
before using the viscosimeter that the tar should be exactly at 
this temperature and well stirred. In cases where serious dis- 
agreement is found between the viscosity of an approved sample 
and the viscosity of the tar as supplied, further examination 
of the latter should be made before it is used. 

(3) Water and Naphthalene. — If about a quart of the tar is poured into 

a vessel about 12 inches high, and the vessel is covered by a piece 
of ordinary glass, and is left standing in a moderately warm room 
for 24 hours, flaky white crystals of naphthalene will be seen on 
the glass and the upper part of the walls of the vessel if there 
is a considerable amount of naphthalene in the tar. Globules 
of water also will be notic^ble on the surface of the tar at the end 
of hottis if the tar oontaina a considerable quantity of water. 
Since most tars contain some naphthalene and often a trace of 
water also, it is advisable when making this test to put along- 
side Jjbe portion of tar which is b^ng tested a portion of the . 
i^pproved sample in a similar glass covered vessel, and to com- 
pare the amount of naphthalene crystals deposited and of water 
sepistated from the two samples at the end of 24 how. 
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Road Board Specification No. 6. 

Sr£CIinCATXOH fob fitch. 

1. This pitch is suitable for pitoh-grouting. See ** Road Board General 
Directions for Pitch-groutinjg.’* 

2. The pitch is obtained of the required consistency most conveniently 
by running it off from tar stills in ifvhich the distillation of the tar has been 
stopped at the point at which the residual pitch will give a penetration of 70 
(or such other penetration as may be specified to suit climatic or local condi- 
tions) whep tested at 26° Centigrade (77° Fahrenheit) on a standard penetro- 
meter. Harder pitch may be softened or cut back, in the still or in a mixer 
at the tar works, to the extent necessary for it to give this penetration, by 
the addition of tar oil of the grade specified below in Clauses 7 to 10. 

Where pitch of the required consistency is not thus directly procurable, 
it may be prepared by softenin^^ commercial soft pitch, as specified below 
in Clauses 4 to 6, by the addition of tar oil as specified below in Clauses 7 
to 10. In preparing the softened pitch in this manner the tar oil is added to 
the pitch in the manner described under “Instructions for Melting the Pitch ** 
in the “ Road Board General Directions for Surfacing with Pitch-Grouted 
Macadam,’* in sueh proportions that the resultant softened pitch will give 
a penetration of 70 (or such other penetration as may be specified to suit 
climatic or local conditions) when tested at 25° Centigrade (77° Fahrenheit) 
on a standard penetrometer, with a No. 2 needle weighted to 100 grammes 
for five seconds. 


Prefarbd fitch from tar distilleries. 

3. Pitch which has been procured of the required consistency directly 
from a tar distillery needs only td.»be thoroughly melted in the pitch heaters 
or boilers, but as a precaution against burning, one to two per cent of tar 
oil may advantageously be put into the boilers with the pilch. 

Pitch wliich has been procured of the required consistency directly from 
a tar distillery shall not yield more than 4 per cent of distillate below 270° 
Centigrade, or 618° Fahrenheit, on distillation described below in Clause 6, 
and shall contain not less than 16 per cent and not more than 28 per cent 
of “ free carbon,” as defined below in Clause 6. 

Commercial sojt pitch. 

4. The pitch shall be derived wholly from tar produced in the carboniza- 
tion of bituminous coal, except that it may contain not more than 25 per 
cent of pitch derived from tar produced in the manufacture of carburetted 
water gas. 

5. On distillation in a litre fractionating flask one-half to two-thirds filled 
the pitch shall yield the proportions by weight of distillates stated below ; 
the temperatures of distillation being read on a thermometer of which the 
bulb is opposite the side tube of the fiask : — 

Below 270° Centigrade or 618° Fahrenheit, not more than 1 per cent 
of distillate* 

Between 270° and 315° Centigrade or 618° and 690° Fahienheit, not 
less than 2 per cent and not more than 5 per cent of distillate. 

6. The pitch shall contain not less than 18 per cent and net more than 
31 per cent by weight of free carbon. The free carbon ia to be determined 
by complete extraction of the bituminous matter from a weighed portion of 
the pitch by benzol and bisulphide of carbon* . The residue left on treatment 
with these extractives is to be taken as ** free carbon.” 
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Tab oil. 

7. The tar oil to be used is preferably a filtered green or anthracene oil, 
and shall be derived wholly from tar produced in the carbonization of bitu- 
minous coal or from such tar mixed with not more than 26 per cent of, its 
volume of tar produced in the manufacture of carburetted water gas. 

8. The specific gravity of the tar oil at 20° Centigrade (=68° Fahrenheit) 
shall lie between 1*066 and 1*085. 

9. The tar oil after standing for half an hotir at 20° Centigrade (=68° 
Fahrenheit) shall remain clear and free from solid matter (naphthalene, 
anthracene, etc.). 

10. The tar oil shall be commercially free from light oils and water. On 

distillation in a litre fractionating fiask one-half to two-thirds filled, the tar 
oil shall yield the proportions by weight of distillates stated below : the 
temperature of distillation being read on a thermometer of which the bulb is 
opposite the side tube of the flaslc : — » 

Below 170° Centigrade or 338° Fahieiiheit, not more than 1 per cent 
of distillate (light oils, and water, if any). 

Below 270° Centigrade or 518° Fahrenheit, not more than 30 per cent 
of distillate (middle oils, and light oils and water, if any). 

Below 330° Centigrade or 626° Fahrenheit, not less than 95 per cent of 
distillate (heavy oils, middle oils, and light oils and water, if any). 
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APPENDIX L. 

Specification for oiling water-hound Macadam. 

;(Note on the method adopted at Delhi.) 

The oil used was Fuel oil to which 5 per cent of coal tar was added. The 
lerude oil is easily sprayed through a wheel valve under a head of three feet 
sbnd the coal tar readily mixes with crude oil but quickly separates from it 
again owing to its greater specific gravity, the mixture must therefore bo 
tcontinually stirred up. 

Before spreading the first coat the road surface must be thoroughly cleaned 
with brushes so as to remove all dust, etc., as the success of the oiling opera - 
ntion depends almost entirely on the Surface material and quality of the original 
iroad surface. Assuming that the original work is good, the stiffest brooms 
•obtainable should be used. A large party of men should go over the road 
dwo days before it is to be treated thoroughly cleaning the surfacetfind gutteis 
and thus showing up any loose patches or hollows that may need repair before 
toiling is commenced. On the day oiling is to be commenced, a party of 10 
tfnen or so, with brushes, should be ready to spread the oil over the road 
«turf€use, while another party of 20 men proceed ahead and clean the surface 
unce more. The crude oil and tar is then spread from the crown of the road 
tfOwards the gutters. The first coat requires two days to dry, thc^ second coat 
requires four, and the third seven to ten days. After three coats no watering 
should be required for a year. 

In Delhi, the oil used was obtained from the Anglo-Persian Oil Company, 
Tjtd., for whom Messrs. Shaw Wallace and Company, Calcutta, are the Agents. 
'The cost of the oil landed in tank wagons of 3,528 gallons capacity, at Delhi, 
worked out at 8 annas per gallon, and the cost of coal tar was 14 annas per 
•gallon. 

Groat care should be taken that foreign bodies do not become saturated 
with the crude oil and that where storage is necessary the tank should be her* 
metioally sealed and no smoking allowed anywhere in its vicinity. It may 
'he mentioned that a receptacle which is water-tight will not necessarily 
'be oil-tight, and extra care in riveting is necessary when making tanks for 
storage therefor, and any iron tanks employed should be riveted metal to 
metal, and caulked with proper caulking tools. 

The coal tar used is the ordinary kind obtainable in the market, and it 
is advocated that an admixture of 6 per*otmt of tar should be made to all 
three coats. The first coat requires by far the biggest quantity of oil as it 
asoaks into all crevices. The amount ifi coal tar actually used on an aveiage 
was 10 tons for the first coat, 5 tonsifor the second coat, and 4 tons for 
i>he third coat, in the case of a 12-foot road one mile long. 

At Delhi, the oil, which was railed from Budge Budge in oil tanks, was 
■emptied out by gravity into ixiasonry storage tanks of about 1,200 gallons 
capacity. From the latter the oil was pumped into iron tanks each of 
*600 gallons capacity, which were fitted on to a steam timotor. At the back 
of each tank was a 2|^ in. wheel valve from which the oil was drawn off 
when required. There were openings in the top of the tanks to allow of 
stirring up of the mixture of oil and coal tar. 

If possible, the traffic should be diverted hioiig other roads during the 
proxmss of oiling, but if, as at Delhi, this oasmot be done, it is necessary to 
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bare warning signals, especialljr during the second and third coating ad'the 
oily surface is very slippery and dangerous to trafBic until absorbed. After 
the oiling is completed, the surface of the road should be maintained in the 
usual way with the exception that no watering is required. 


PUKJAB BPSOIinOATIOn XOB TAB 8PBAY1KO ON WATEB-BOUKB HAOADAU. 

Tarring will only be done in warm weather when a road is perfectly dry^ 
and after all ruts and pot holes have been filled and other necessary repairs 
to the surface of the macadam completed. 

The surface must be swept clean from all dust and any caked mud (when 
resurfacing is necessary, as a preliminary to tarring, only stone chippings, 
without any finer material, should be used for binding), and when only half 
the width of a road can be treated at a time, the dust should also be removed 
from Ae adjoining portion to prevent its being stirred up by passing trafSc. 

Coal tqr (tar derived wholly from the carbonisation of coal), commer* 
cially free from water, and containing not more than 10 per cent of its volume 
of the tar produced in the manufacture of carburetted water gas, will then 
be heated jto its boiling point(220® to 240® F.)* »t convenient positions on the 
work, and applied as hot as possible so that it will flow freely and can be 
brushed in an even film over the surface. The heating must be done in a 
boiler specially designed to prevent the frothing which will otherwise in- 
evitably occur if the tar contains even a small percentage of water. The 
quantity of tar required will vary according to the physical conditions of 
the road, but, on a first application, a gallon should suffice for five to seven 
superficial yards. 

Grit, consisting of stone chippings, crushed gravel, or coarse sand, free 
from dust, and not larger than will pass through a ^ in. mesh, should be 
spread on the surface next day, but only in sufficient quantity to prevent 
the tar from adhering to the wheels. 

Where traffic is heavy, a second coat (one gallon sufficing for eight to 
ten yards super) is advisable, at least over the centre portion of the road,, 
two or three months after the first application, and surface tarring should 
be renewed annually on all important roads, and as required on roads with 
light traffic. 
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APPENDIX LI. 

• Spedfimtion for Bituminous or Asphalt Macadam. 

(Excluding Tars and Pitches. ) 

1. Definition of Bitumen for Road Purposes. — Bitumen is a generic term 
-for a group of hydrocarbon products soluble in carbon disulphide, which 
either occur inViS'ture or are obtained by the evaporation of asphaltic oils. 

The term shoiXld not include residue from paraffin oil or coal tar products. 

2. Definition of Asphalt. — Asphalt is a material consisting of a mixture 
of bitumen and finely graded mineral matter. The mineral matter may 
range from an impalpable powder up to material of such size as will pass 
through a sieve having square holes of ^ in. side. 

SURTACIKQ EXISTING BOAD WITH BITUMINOUS MaCADAM. 

(2 coat work.) 

3. The existing road surface should be lightly scanfied and re-formed, 
and should be steam-rolled and consolidated to the contour required for the 
new surface. 

4. Suherust, Binder Course^ or Bottom Layer . — The suborust should 
consist of hard, clean, broken stone, 1 in gauge, the voids of which are 
filled with J in. size chippings, while the voids in the mixed stone should 
be fiUed with well-graded sand, sufficient bitumen and filler being added to 
thoroughly coat the mineral aggregate without showing any excess on com- 
pression with a hot tamper. 

5. The materials should be mixed in proportions by weight, depending 
upon their character. The proportions will ordinarily vary between the 
following limits : — 

1 in. gauge stone , • 56 to 30 per cent, 

f in. size chippings • 16 to 26 „ 

Graded sand . . 25 to 33 ,, 

Filler (Portland cement) 3 to 5 ,, 

Bitumen ... 6 to 8 „ 

6. The aggregate and bitumen should be heated separately to such tem- 
peratures that the finished mixture shall, depending on the bitumen used, 
•have a temperature of from 300® to 360® F. 

7. The auberust should be spread while hot upon the foundation to such 
depth that, after being immediately consolidated by rolling, its average 
thickness shall be 2^ in., and its upper face graded to the contour required 
for the wearing surface. 

8. As an alternative the suborust may be composed ol material coated 
"with tar or grouted with pitch mixture, laid in accordance with the Bead 
Board Specifications Nos: 2 and 3 respectively. 

ft Wearing Surface. — The mixture for the wearing surface should be 
•composed of :~ 

(a) Bitumen. 

(b) Sand of satisfactory grading. 

(c) Filler, consisting of finely powdered mineral matter. 
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10. Sand . — ^The Bandshouldconsist of hard grains, not necefisanl^sharp^ 


of the following grading ; — 

Heavy light 

Traffic Traffic 

Per cent. Per cent.. 

r 

Passing 80 mesh and retained on 200 mesh • 34 20 

Passing 40 mesh and retained on 80 mesh . 43 45 

Passing 10 mesh and retained on 40 mesh . 23 36 


11. Filler. — The filler shall consist of suitable mat'erial ground to an im- 
palpable powder. Portland cement is generally used. 

12. Combining Materials. — The materials should be mixed in proportions 
by weight depending upon the character of the materials. The proportions 
will ordinarily vary between the follow^ing limits : — 

Bitumen . • • . . . . 1 1 to 1 2 per cent. 

Piller . . . . .r . . . 13 to 15 „ 

Graded sand . . . . . . 73 to 76 ,, 

The percentage of matter soluble in carbon disulphide in any mixture* 
shall not be less than 9*5 per cent or more than X3 per cent. 

13. The sand and bitumen should be heated separately to such tempera- 
tures that the finished mixture shall, depending upon the bitumen in use, 
have a temperature of from 300® to 350® F. The filler should be mixed whiler 
cold with the hot sand. The bitumen will thefi be mixed with the sand and 
filler at the required temperature and in the proper proportion in a suitable 
apparatus, so as to effect a thoroughly homogeneous mixture. 

14. Laying. — The mixture should be carted on to the road in trucks,, 
properly protected from radiation by tarpaulins, at a temperature of not 
less than 250® F., and spread upon the suberust to such depth as will ensure- 
an average thickness of 1} in. after ultimate compression. 

15. The compression will be attained by first smoothing the surface with, 
a hand roller working from kerb to centre, after which stone dust should be 
swept over it, when rolling will be continued with a light steam or petrolT 
roller until the surface is properly consolidated. 
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APPENDIX LII. 

Spedfioations for cement concrete and reinforced concrete road founda- 
tions and surfacing, 

Reinforced concrete road foundations. 

!• The Advantages of reinforcing cement concrete road foundatioi'^'r 
the use of wMch has developed to meet the exigencies caused by the increased 
weight and increased speed of motor traffic, are that great strength is obtained 
with a small thickness of concrete, and that the construction is resilient. 
Concrete 6 in. thick was first adopted with a light reinforcjement, but the 
tendency has been with the advent of heavier traffic to increase both tl:e 
thickness of concrete and amount of reinforcement. The cost of the steel ap- 
proximates to about 2 in. of concrete, whereas a slab 8 in. thick suitably 
reinforced is stronger than 15 in. of unreinforced concrete. 

2. At the same time the reinforcement gives tensile strength* to the con- 
crete, and in the case of double-layer reinforcement shear stress also, and 
provides some degree of resilience. It is probable that further expejicneo 
may show a lesser thickness of reinforced concrete to be sufficiently strong 
and more resilient. 

3. Wire fabric or other reinforcement is generally laid with its main wires, 
or members, parallel to the length of the road, although the more correct 
method is to provide for a reinforcement with the same sectional area of steel 
transversely and longitudinally. 

4. The reinforcement is laid about 1| in. to 2 in. above the bottom of the 
concrete. This is convenient in practice and correct in theory, the condition 
being similar to that of a cantilevered fioor-slab turned upside down, the 
wheel taking the place of the support and the earth pressure taking the place 
of a distributed load of intensity greatest at the support and gradually 
reducing outwards. The reinforced concrete foundation is sufficiently stioxig 
to spread the very heaviest wheel-load over so large an area of underbed 
that the pressure becomes less than one ton per square foot, so that even in 
bad ground there is no subsidence of the foundation, and no hollows form in 
the surface except from actual surface wear. 

Cement concrete and reinforced concrete road surfacing. 

1. In some cases plain concrete is used, elsewhere it is reinforced. Trans- 
verse joints J in. thick filled with bituminous material were first adopted cO 
ft. apart to alloTi^ for expansion and contraction, but these joints appear to 
have been unsatisfactory, and are more or less a source of weakness. The 
later tendency is for the concrete surfacing to be carried out on the “ alternate 
bay principle, and to reinforce the concrete, by which means cracks duo 
to setting contraction are eliminated. 

2. Usually the concrete is 7 in. thick. The reinforcement is generally 
wire fabric or expanded metal, or double-layer reinforcement. This not 
only does away with the joints but gives a very much stronger road than the 
lesser thickness first adopted, and is from every point of view a better form 
of oonstruction. 

3. The proportions of concrete that have given the best results are : 
Tiro-course work, lower course seven parts of coarse and fine aggregate to 
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•one of cement* and three parts of fine aggregate to one of cement for^bhe 
surface course. Successful results have also been obtained by the use of 
large tough aggregate (preferably granite) in the top course, which provides 
an excellent key for the waterproofing surface layers, the proportions of 
the concrete in this layer being 3 parts of aggregate to sand and 1 of cement. 

4. A great deal of attention has been paid to the question of waterproofing- 
and hardening of concrete roads and several proprietary preparations having 
these objects in view are successfully employed for these purposes, not only 
in Great Britain, but, to a far greater extent, in America. 

5. The average maintenance cost of concrete roads in the United States 

is one-fifth of a penny per square yard per annum. The roada^may be sur- 
face-dressed with tar and granite chips, which is a precaution^against such 
small cracks as may occur owing to lack of care in joining up one day’s work 
to the next, or in insufficient watering of the surface during construction. 
Cracks from these causes may be such as to just admit the blade of a knife, 
but where the roads are tar-sprayed the tar bridges over the cracks and makes' 
them of no account. • 

6. Concrete roads are laid with a camber of one in fifty, which is sufficient 
to throw ofi water. This small slope almost eliminates side-slip. 
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Remarks. 

(Explanation of nt«a 
and costa and 
refeience to 
appended details.) 

Approximate esti> 
mate of coat An- 
nexure . 

Approximate esti- 

mate of coat An- 
nexure . 

• 

Assessed by or in * 
b conjunction with 
loc^ civil officer. 

" ■« 

Amount. 

M 

• 

: 




Cost. 

S : : 


: 



' 

• 

■ 

Per 

L. S. 

Total 

L. S. 

Total 

TOTAL 

pd 

• p 

i • • i • g .... 55 

g -fi ^ 

No. or 
quantity. 

1 i ■■ 

: : a • : a : : : : 

og < 

a# O JS 

- .. -s . o , 

Unit of 
calcu- 
lation. 

|1 - 

«e « o o 

: : s fl : « > : ; : : 

n 11 

Detail. 

Description 

Do. ... 

Deduct — Credits by disposal 
ment of tempo] 

5% on total of iteirs I to 
XVIII (increased up to 
10% where essential). 

Deduct — For credits by di 
oompletic 

(Particulars) . 

Do, ... 

Do. 

Do. ... 

1 

1 

(a) Place 

Id) Place . 

Etc. 

Including works charge 
establishment, flood 
damage repairs during 
construction and spe- 
cial tools and plant. 

(a) Protection 

(ft) Boj’altfes 

(e) Land compensation . 

(d) XlscellaneouB 

1' 

w 

Water supply 

General contin- 
gencies. 

Dditical charges . 

Wk 

g s ^ 

H ... ■ 
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SPECIAL CHARGES IV. 



1 

Description. 

• 

Abstract of 
cost or L. S. 
Estimate for 
whole road. 

1 

Maintenance and repairs of 
Boat Bridges. 

Ite. 

2 

8lx^clal rei)aift to Buildings *. 


a 

Clearing Wips* . 


4 

Masonry repair* to Bridges, 
Culvei'ts, Walling, Pukla 
Drains and Clause was s. 


5 

Painting Ironwork ot Bridges 


6 

W'hitcwasliing and iiafnting 
Mijc Post‘<, Furlong Stones, 
Iload Signs, numbers on 
Culverts, etc. 

• 

7 

Training works o f Brid ges , 


8 

Miscellaneous 


Total 

[ 


JEIRM AUK S 

Enter explanation for any notable vartations 
from amoiintK laat aanotlonod in Form 1 (cxclud- 
ills Form II) and any otlier uacfni explanation 
against each item. A statement should be 
appended giving the names, uiiinbem, and 
capital costs of the biiiMlngK concerned, also 
numhciis and current M-ages of eaeh class of 
personnel. 



AHBORICULTUKK V. 


1 

2 

3 

4 

5 

Malls 

Other Staff 

W’ateriug urrangcinciite 
Protecting Trees . 
Mlscellancons 



Total . 


Average iwr mile =* 

1 Abstkaoi or estimate. 

NOTES. 

1. TJso a sci)arutc form for each main 
road. 

2. Cantonment to(u\s may bo 
grouiscd, but state classiflcation 
ill column I under I ar.d IT. 

3. Sub-division into Sections depends 
on headings of Oulumns 2 and 3 
and other iactors under I and 11. 

4. When Arboriculture in a civil 
charge, omit Sub-bead V from 
military road estimates. 

5. The cost of Hoad Holler repairs 
and salaries of Sub-O^rscera axe 
not legitimate charges afsainst 
road luaintenancc. 

Ko. of 
Sub-head. 

Description of Sub-licud. 

Average 
rate per 
mile. 

Total. 

I 

If 

III 

lY 

V 

Maintenance (Ordinary) . 

Bcmetailing .... 

Maintenance (Special) 

Special charges 

Arboriculture (sec Note 4) 

Ite. 

Its. 

1 . Total . 




Prepared by Checked by Signed by 

Designation Designation AsuUtant Commanding JRoyal 

Enginter, 


f Repairs^ Militar}\ 

Cbst debitable to < IRepairs,. Civil Communications. Date 

{^Misoellafteoui* Public Improvements. 

Forwarding No. 
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APPENDIX LV. 

FORM 1. 

Estimate of Aveiiage Cost of Road Maintenance. 


Sub-District — 
Name of Road — 


Year 192 

Total Length • 


miles. 



MAJNTJiXANd': (SPE(IAL) [J. 


Enter oxplanatioiis for any notable variations from 
amounts last sanctioned in Form 1 (excluding 
Form II) and any other oscful explanation 
against each item. A statement should be 
appended giving the names, numbers, and 
capital costs of the buildings concerned, also 
numbers and current wages of each class of 
personnel. 
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Manuiaclvre of wire ruts in general. 

1. Tools , — One pair wire cutter and one 2 Iba Hand Ham^^ 

closing the net when filled, two Tommy bars, 15^ to 18^ long, 
meter, will also be needed. ;■ 

2. Plant , — One peg block (A Fig. 4), one stretching block 4) '' 

and two squatting boards (Fig. 6). . ^ . 

3. Peg block, — 16* to 18* wide, 4* to 6* thick and one feet longer ilfiytl 
the finished width of the net. It is studder? with 5* wire nails spaced in 3 rows 
4* apart nail to nail and 4* between rows, staggered as shown in Fig. 4. 
The hea<ls of the nails are out off, leaving pegs projecting 2* above board, 

4. Stretching block, — Any old sleeper will do. Some weight is necessary 
to keep the knots taut against the pegs and, incidentally, for the workmen 
to squat upon. 

6. Squatting howrd , — 4*X 2* and son* 2 length 'as peg block with 1* auger 
holes to correspond with pegs. These boards are necessary to protect the 
men’s feet when working on the outer row of pegs. * 

6. Labour, — One pair of coolies is needed for every 8 or 10 feet of width 
of net. Both should know each other’s job as the actual twisting of the wires 
is hard on the hands, and if equally trained the two men change places at 
intervals. 

7. Manufacture, — (A) The wire is uncoiled, stretched along the ground 
and cut to the required lengths. The precise lengths can best be determined 
by making an experimental net and noting the lengths of wire used [vide 
Fig. 10 for Standard Xets). After cutting all wires of required length each 
is doubled at its centre and both ends coiled back to the centres for convenience 
of handling. When the full number of wires have been cut and coiled, viz,, 
one double wire of two coils for every 4* width of netting plus one for the end 
(«.g., a 3' width of net would require (36-7-4)+ 1=10 double wires of 2 coils 
each), a loop is formed at the centre as each wire is taken into use against 
the first row of pegs as shown at Figs. 1 and 11. A squatting board is then 
placed over the loops and the coils arc opened and laid loose over the peg 
board es indicated in Fig. 4-A. 

(B) One man of the pair squats behind the peg board and the other handles 
the coils. One of the two wires of loop No. 1 , Fig. I, and one of loop No 2 
are twisted together against the first peg in the second row of pegs, Fig. 
4-A, by the man at the board while the man handling the coils turns the coils 
to correspond with the twists. The twists are made up against the pegs as 
shown in Fig. 3 and are then — if necessary — ^flattened by a blow or two from 
tl£e hammer against the peg block. The other wire of No. 2 loop. Fig. 7, is 
t\risted with the first wire of No. 3 loop against the second peg and so on until 
the irhole width has been completed. All twists must be made in the same 
Erection. 

(0) The Second squatting board It placed oyer the second row of 
pegs and the wiiigs twisted against the third row of pegs. The third row 
hayjii;^ bij^n jtmmpleted the squatting boards are removed; the net taken off 
like 'pegs, 'pqil^'back>and'-%^^ twkits placed otnr, the of 








